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‘'All Science is formed necessarily of three things: the series of facts 
which constitute the science; the ideas which they call forth; the 
words which express them,” 

Lavoisier. 

“The contemplation of things as they are, without substitution or 
imposture, without error or confusion, is in itself a nobler thing than 
a whole harvest of inventions.” 

Bacon. 

“Through doubt we come to investigation and through investiga- 
tion to the truth.” 

Abelard. 


“Science and peace will triumph over ignorance and war.” 

Pasteur. 

“ Man is I he interpreter of nature . . . Science the right interpreta- 
tion.” 

Whew ELL. 

“There is nothing so powerful as truth, often nothing so strange.” 

Daniel Webster. 

“The first and the last thing required of genius is the love of truth.” 

(lOBTHE. 

“Science is essentially a collective endeavor that owes its progress 
to the r.^rts oi a multitude of workers in all periods and of all 
n» ' onalities, who by common agreement are associated in the 
-<?arch for truth and its application" * iprovement of the 

conditions of man.” 
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Preface to the Second Edition 

The general scheme underlying the preparation of this book and the 
purposes which the book aims to fulfill are outlined in the preface to the 
first edition. The same ideas have motivated the writing of this second 
edition. Revision has given the opportunity to change the order of certain 
of the chapters and to shift several topics from one chapter to another. It 
is believed that these changes will facilitate the use of the book. 

The text material has been brought up to date; certain aids to instruction 
have also been added. These comprise new tables, charts, and pictures of 
molecular models, also additional review questions and a number of numeri- 
cal problems. 

The author is grateful to Dr. J. W. Ferguson, Dr. E. Emmet Reid, and 
Dr. M. D. Soffer for information which has been helpful in preparation of 
this edition. Especial thanks are due to Dr. Austin M. Patterson who has 
* offered many valuable suggestions. Further suggestions for improvement 
or notice of omissions or of any errors in the present volume will be grate- 
fully received by the author. 

E. Wektheim. 

Fayetteville, Akkansas, 




Preface to the First Edition 

This book presents material for a two semester beginning course in the 
theory of organic chemistry. It is intended to serve the needs of students 
who will major in chemistry or specialize in organic chemistry, also of those 
who are enrolled in premedical or chemical engineering courses. 

In its preparation the ideas of clarity, directness, convenience, and 
adaptability have been stressed. If we accept the fact (stated very suc- 
cinctly by Remsen in his text) that there are a “good many” compounds to 
be studied and a “good deal” of theory and much beside, it becomes a duty 
to smooth the path in every possible way. 

To this end the usual detailed descriptions of individual compounds with 
their physical constants have been omitted. Descriptions of physical 
properties are given for whole series rather than for the individual com- 
pounds; physical constants are given in tabular form. These tables are 
quite complete and furnish ample data for the plotting of graphs. State- 
ments referring to syntheses, reactions, uses, arc so grouped as to facilitate 
the use of the book. 

A table of melting points and boiling points has been incorporated in the 
appendix. This table should serve somewhat the purpose of a handbook in 
the laboratory; an advantage of this method is that but one reference is 
required to obtain these constants and other information, since the table is 
keyed by cross reference to the body of the text. The inclusion of this 
material makes students use the text during the laboratory period more than 
they otherwise would. 

The book endeavors to present the salient facts in as direct and concise 
a manner as possible. The important relationships between compounds and 
reactions have been emphasized by cross reference and the use of as much 
repetition as seemed desirable. Charts and summaries have been freely 
employed in the effort to aid the initial study and facilitate review. Correct 
graphic formulas are used to a fuller extent than has been customary, since 
they have great teaching value. For the same reason, equations are 
repeated if they can be shown in different forms or with new implications. 
Suggestions for methods of study and review are given in several places. 
These have shown their effectiveness in the author’s classes for some years. 

The literature references are confined to the books and journals which 
would most probably be on hand in any school. Quite intentionally the 
journal references have been directed mainly to the publications of the 
American Chemical Society. Ilie author believes that the student majoring 
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in chemistry gains decided benefits from an early introduction to the 
journals of the Society, not the least of which are his sense of orientation 
and desire to identify himself with this body. The more diflicult articles 
and reviews are intended for the use of the instructor or students of very 
exceptional ability. 

The “Review Questions” are such as have been used and found satis- 
factory for review and teaching purposes. Somewhat more than the usual 
number have been supplied. 

To enlist the interest of the medical students there is a reasonable 
amount of reference to the medical uses of various compounds and to the 
biological connections of organic chemistry, also additional material on 
digestion, metabolism, and chemotherapy. Frecjuent use of sales data helps 
to make the book interesting and to remind the chemical engineers that 
organic chemistry deals with large amounts of materials and money. 

Matter relating to the Fried el-Crafts reaction, Grignard reaction. Strain 
Theory, Optical Activity, Vitamins, Hormones, etc., is discussed in short 
individual chapters. The author has felt that the advantages of this 
method more than outweigh the drawback of the slight amount of repetition 
which it incurs. For shorter courses some of these chapters may well be 
omitted. 

Organic chemistry as we know it today is the product of human brains 
and human hands. It gains in interest when the human element is recog- 
nized and at times emphasized in teaching. Nor does this treatment add to 
the burden of memorization . Every teacher of experience knows that facts 
‘‘stick” better when coupled with an anecdote or interesting bit of history. 
There seems, then, to be full justification for the use of a little of the available 
space for the pictures of some of the builders of our science and for the 
historical tables to be found in the appendix and in certain selected chapters. 
It is easy to use this material to enliven the lectures if the teacher so elects, 
or it may be left to do its work unassisted. The biographies arc purposely 
brief, but in most cases a reference in English is given to encourage further 
reading. 

Work on this book began about fifteen years ago; there have been two 
mimeographed editions, hence the material has been revised on two occa- 
sions. The original title “Manual of Organic Chemistry” brought forth 
some criticism and in view of this and the present size of the volume a less 
controversial title has been adopted. To those who have used the previous 
books and offered their advice and criticism the author expresses his sincere 
thanks. The kindness of readers in reporting mistakes or omissions will be 
very much appreciated. 

E, Wertheim. 

Fayetteville, Arkansas, 

1989. 
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PART I 

ALIPHATIC COMPOUNDS 




CHAPTER I 


INTRODUCTION 

Until well into the first quarter of the nineteenth century all chemical 
substances were classified under two grand divisions, inorganic and organic. 
The inorganic or mineral compounds, whose chemistry was fairly well under- 
stood at the time, were obtained from lifeless materials under definite 
conditions which could be controlled in the laboratory. On the other hand, 
organic compounds were the products of living organisms, plant or animal. 
They were believed to be elaborated under the influence of the ‘‘vital 
force,’" i.e., the same force which was responsible for the growth of the plant 
or animal. Hence one could no more hope to understand how such com- 
pounds were made than he could expect to know the meaning of life itself. 
No attempts were made to synthesize such chemical compounds in the 
laboratory, because it was believed impossible to duplicate the results of 
the “vital force.” The compounds were called organic because of their 
• production by the organized cells of living matter. 

However, in 18^4, the chemist Wohler was able to form from purely 
inorganic salts the substance urea, which had long been known as a product 
of human metabolism and a normal component of the urine. This crucial 
(and accidental) discovery marked the beginning of the overthrow of the 
theory of “vital force.” Before long many other equally striking syntheses 
of organic substances had been j^erformed in the laboratory. Through these 
experiments it was found that organic compounds obey the same general 
laws in their formation that hold for the inorganic compounds.* 

While we still classify compounds as inorganic and organic, our con- 
ception of organic compounds is entirely different from that which was 
held before Wohler’s synthesis. Today the laboratory synthesis of natu- 
rally-occurring substances occasions no surprise. We have seen synthetic 
indigo replace that formerly obtained from the indigo plant, and alizarin 
supplant the dye previously made from the madder root. In each case a 
natural substance was made more cheaply and in purer form by artificial 
means. In recent years a number of vitamins and hormones have been 
isolated, and the organic chemist has been asked to determine their struc- 
tures and to synthesize them. The work has been highly successful. 
Meanwhile searching study of certain alkaloids has resulted in the prepara- 

Wdhler’s synthesis is shown on page 269. The result of the experiment was so contrary 
to the chemical thought of the time that WShier repeated the work many times to convince 
himself of the accuracy of his observation^ and he did not publish the result for four years 
(see page 250). 
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tion of compounds having their curative effects but lacking some of their 
dangerous and unpleasant features. Nature has often been surpassed by 
the organic chemist, whose creations are of course subject to change and 
improvement, whereas the natural products are unvarying. 

The number of synthetic organic compounds described in lexicons and 
journals has now reached many hundreds of thousands, and new substances 
are continually being evolved. Many of these synthetic compounds may 
be obtained from nature, while numbers of others have no such ties. All 
are, however, related in a simple way to compounds of natural origin and 
will always be called organic compounds because of this relationship. It 
has, moreover, been found that natural organic compounds contain carbon 
together with hydrogen, the other elements present varying in individual 
cases. Organic chemistry, therefore, may now be defined as the chemistry 
of the hydrogen compounds of carbon with their derivatives.* Though all 
of these substances contain carbon, their study if included with that of the 
element carbon in general chemistry would throw the subject out of balance, f 
The importance of the organic compounds and certain differences in behavior 
between inorganic and organic compounds, as well as the vast scope of this 
branch of the chemistry of carbon therefore makes a separate treatment 
desirable. 

It must again be noted that the laws which were found to govern reac- 
tions in general chemistry (law of conservation of mass, law of mass action, 
etc.) will hold with equal force in the domain of organic chemistry. In the 
following chapters the behavior of organic compounds is presented, begin- 
ning with the more simple substances. Later developments will present 
the derivatives of these simi)ler compounds and will bring out the network 
of relationships which exists between the various substances. As a pre- 
liminary to this study we will first consider the scope of the field to be 
covered and the methods by which organic compounds are analyzed and 
their formulas determined. 

Scope of Organic Chemistry 

The list which follows shows briefly some of the contacts of organic 
chemistry with daily life. As there is no department of life which is not 
directly influenced and helped by the applications of organic chemistry, this 
list is merely suggestive and is in no sense complete. 

Relation to health Study of composition of foods. 

Study of digestion. 

Study of action of drugs in the body. 

Preparation of new remedies. 

Preparation of disinfectants, anesthetics, antiseptics, vitamins, 
hormones. 

IThe name ** Organic Chemistry” was first used in the year 1800 by Novalis. 
t Simple compounds, such as carbon dioxide, carbon disulfide, etc., are usually taken up tn 
texts on inorganic chemistry. 
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Relation to daily living 


Heat Fuel (oil and gas). 

Light Illuminating oils. 

Food Artificial coloring, sweetening, flavoring. Chemically prepared 

food. Cellophane protection. 

Transportation Gasoline and oil; antiknock fuel, rubber tires, plastics. 

Comfort Applications of textile chemistry; artificial leather. 

Esthetic values Applications of dyes; perfumes; soaps. 

Miscellaneous* Moving picture film, photographic developers, artificial ivory, 

insulating material, writing inks, lacquers and finishes, syn- 
thetic fibers and fabrics, cellophane, plastics and resins, 
explosives, detergents, paper. 


A fairly large proportion of the national income is invested in organic 
chemical products, as will be evident from an inspection of the following 
table. 

Table 1. — IJ. S. A. Sales of Organic CuemicaIl Products (1939) 


(Values in millions of dollars) 

Chemicals (not listed elsewhere) (1 937) 932 

Coke and by-products 342 

Corn syrup, oil, sugar, starch 91 

Cottonseed oil, cake, meal, etc 171 

Cotton goods 1,168 

Dyes (1940) 76 

Disinfectants, insecticides 37 

Explosives 71 

Glue and gelatin 34 

Leather and leather products 1,389 

Linoleum (1937) 35 

Paper and pulp 1,160 

Perfumes, cosmetics, etc 147 

Petroleum refining 2,461 

Rayon, allied products 247 

Resins ani plastics 78 

Rubber tires and tubes 581 

Soap and glycerol 303 

Sugar, beet and cane (1937) 531 

Wood distillation products, charcoal 21 

Synthetic organic chemicals (not of coal tar origin) (1940) 226 


The contributions of organic chemistry take several forms; (1) through 
organic industrial processes a natural product is made more suitable for 
general use. Examples of this are found in the refining of petroleum and 
of cane sugar. In somewhat the same connection we think of the prepara- 
tion of rubber for its multiform uses. Other examples will be noted later. 
Some of our largest industries are engaged with these processes. (2) A 

* The National Resources Committee reported in 1937 those thirteen technologies which 
will have major economic importance in the next few decades. Four of them are organic 
diemistry projects: (1) Synthetic rubber, (2) Plastics, ^.8) Artificial textile fibers, (4) Gasoline 
from coal. A fifth, prefabri^ied bouses, will probably make strong demands on the resources 
of organic chemistry. 
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natural substance is studied until its internal structure and make-up is 
perfectly known, after which it is artificially made. Among the numerous 
examples of this application of organic chemistry are the preparation of 
oil of wintergreen, oil of bitter almonds, camphor, indigo. (3) Often through 
research a totally new compound never present in nature is applied to the 
enrichment of life. Substances such as saccharin, bakelite, salvarsan, 
phenacetin, aspirin, veronal, chloretone, may be cited from the large and 
ever-lengthening list of such wholly synthetic materials. Saccharin is 
used as a sweetening agent, being many hundreds of times as sweet as cane 
sugar. Veronal and chloretone belong to the class of drugs known as 
hypnotics, i.e., they induce sleep. Phenacetin and aspirin are of value 
in combating fever and headaches, while salvarsan has had marked success 
in the treatment of syphilis. Bakelite has many applications, b<nng used 
for pipe stems, radio, automobile and aeroplane parts, fountain pen barrels, 
ornaments, laminated sheets, etc. 

Sources of Orcjanic Compounds 

As stated above, a number of organic compounds are obtained directly 
from nature. These are of two kinds: either they are so complex that we 
do not yet know their exact make-up and so cannot synthesize them in our 
laboratories (at the present moment insulin is an example of such a com- 
pound), or else they are produced by nature much more cheaply than would 
be possible under factory methods. An example of the latter type is animal 
fat used for soap making and to yield glycerol. 

Substances obtained from nature include alkaloids (quinine, morphine, 
strychnine, etc.), oils of seeds (cottonseed oil, linseed oil, tung oil), fibers 
(wool, cotton, silk), sugars, starches, cellulose, camphor, turpentine, and 
many other compounds and mixtures of compounds. 

Nature supplies us with large deposits of petroleum, of coal, and of wood. 
The first named is a mixture of hundreds of organic compounds of different 
types. These are separated to some extent by the chemist, who then uses 
certain of them for synthetic purposes. Coal and wood, upon distillation, 
yield mixtures of compounds which may be separated and used for chemical 
synthesis. Coke with lime gives calcium carbide from which we get acety- 
lene, a very important raw material. 

At this time there is great interest in the utilization of agricultural 
materials for the preparation of organic chemicals. A large-scale use of farm 
products as raw materials for chemical synthesis would benefit farmers by 
providing new outlets for their crops. In addition, if agricultural waste 
materials can be used in this way, it should be possible to produce chemicals 
from them at a low price to the great benefit of the ultimate consumer. 
Several examples may be given of work already accomplished under this 
plan. Oat hulls, a by-product of the manufacture of breakfast food, are 
used as a source of furfural (page 641). Power alcohol has been produced 
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from corn. A gas suitable for fuel may be made from cornstalks. A 
plastic may be made from coffee beans. 

The soybean seems to offer considerable promise as a source material, 
also the artichoke. Soybeans are now used in the production of paints, 
glue, inks, linoleum, plastics, and “wool.” A total of 464,000,000 pounds 
of soybean oil was put to chemical use in 1941. 

Compounds which may be made by fermentation include: alcohol from 
molasses, citric acid from sugar, gluconic acid from glucose, fumaric acid 
from starch. Acetone, butyl alcohol, and ethyl alcohol are made by fer- 
mentation of starch (page 99). Lactic acid is obtained from molasses or 
lactose or starch, glycerol from glucose. Experiments with the Jerusalem 
artichoke have already given 25 gallons of alcohol per ton of tubers. 


Points of Difference between Organic and Inorganic Compounds 

AND Their Reactions 


The table below shows some of the points in which organic compounds 
and reactions are found to differ from the inorganic. Certain other differ- 
ences will be apparent after further study of the subject; at this point it is 
suflScient to say that organic compounds appear to be less stable than 
inorganic, and that in their reactions those of the molecular type are more 
tjommon than are ionic reactions. 


Organic 

Compounds frequently of vivid or unusual 
color. 

Compounds are low melting (under 400°). 
Often decomposed by heat. 

Natural compounds built from a few elements 
only. 

Solubility in water often slight. 

Easy solubility in organic solvents, such as 
ether, alcohol, etc. 

Isomerism very common. 

Compounds belong to many classes. 

Reactions generally complex, slow, non-ionic 
in character. 

A large number of carbon atoms can be joined 
each to each in a molecule. 


Inorganic 

Possession of color not so frequent. 

High melting points (over 500°) quite common. 

Practically any element in the periodic system 
may take part. 

Easy solubility in water is common. 

Not usually soluble in the organic solvents. 

Lsomerism not usual. 

Most of the compounds studied are acids, 
bases, and salts. 

Reactions for the most part ionic and rapid. 
Reactions simple in character. 

Number of atoms of any one element usually 
small and not joined each to each. 


Reactions encountered in a study of inorganic chemistry are: (1) direct 
union, (2) substitution of one atom in a compound by another atom or 
group of atoms; (3) decomposition; (4) metathesis or double decomposition; 
(5) oxidation and reduction. Of these, type (5) has an unusual importance 
in organic chemistry. Also many reactions take place in the following 
manner: (6) two compounds unite to form an addition-product, which thea 
parts with certain atoms to pass on to a final product more stable than the 
intermediate addition-product. Many examples of this type of reaction 
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will be found in the following pages (reactions of aldehydes, of ketones, 
the aldol condensation). Though this kind of reaction may occur with 
inorganic compounds, its great prevalence in organic chemistry, and the 
number of cases in which the intermediate compound may be isolated make 
this reaction unique for the organic branch. 

The reaction may be illustrated in this way: 

First step. Formation of addition compound, 

Ax + ^ AxBy 

Second step. Addition compound loses xy^ 

AxBy xy + AB (stable final product) 

Methods of making organic compounds involve the reactions mentioned 
above, also (7) replacement of an entire group within a molecule by another 
group or atom, and (8) rearrangement of the atoms of a molecule to a new 
structure. 


Elements in Natural Organic Compounds 
Qualitative Tests 

The organic compounds found in nature contain the following elements, 
which are here listed approximately in the order of their importance as 
“building blocks”: carbon, hydrogen, oxygen, nitrogen, sulfur, phosphorus, 
metals (iron, calcium, magnesium, possibly others), halogens (iodine, 
bromine, chlorine). The vast majority of the synthetic compounds are 
also made up of the elements of this list, though other elements are some- 
times included to obtain special properties (see page 602). 

Qualitative Tests. Before making tests with a compound the chemist 
must be certain that it is pure. This will be shown in the case of a solid 
compound by the possession of a sharp melting point. The methods used 
to purify impure compounds are described in detail in the laboratory manual, 
and their underlying theory is considered further in the course in physical 
chemistry. For these reasons they are not included here. It will be well, 
however, to give a brief account of the qualitative and quantitative analysis 
of organic compounds because of the relationship of this work to the problem 
of formula construction. Full details for the actual experimental work will 
be foqnd in the laboratory manuals. 

Tests for Carbon and Hydrogen. When an organic compound is heated, 
it often happens that its carbon is more resistant to combustion than the 
other elements which it contains. The result is that the compound becomes 
black as it burns away, or as we say, it “chars.” However, many organic 
compounds do not char when heated. We are thus in need of a more 
reliable test for the presence of carbon than is afforded by a simple heating. 
This is supplied by the following procedure, applicable to all organic 
compounds. 
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The compound is oxidized and carbon and hydrogen appear as carbon 
dioxide and water respectively. Copper oxide is generally used for the 
oxidation; the carbon dioxide is detected by the reaction with calcium 
hydroxide solution (lime water), the water by inspection. The eciuations 
follow : 

C + m + 3 CuO 3 Cu + CO2 + H2O 
CO2 + Ca(OH)2 H2O + CaCOs 

Oxygen. A compound containing oxygen is vaporized, the vapor being 
passed through glowing charcoal. Carbon dioxide is produced; this is 
detected by the fact that barium carbonate is precipitated when the gas is 
passed through barium hydroxide solution. “Ferric thiocyanate’’ gives a red 
color with certain organic compounds containing oxygen. 

Nitrogen, Sulfur, Halogens. Since an organic compound cannot be 
depended upon to ionize in water solution, these elements to be detected 
must first be transferred to inorganic compounds. This may be accom- 
plished by fusion of the sample with metallic sodium, which breaks it down 
to yield sodium cyanide, sulfide, and halide, respectively. We test for these 
according to the methods of inorganic qualitative analysis. Note that in 
the case of nitrogen the formation of the cyanide demands that the com- 
pound contain carbon. In the absence of carbon the cyanide could not 
form. The equations for the reactions concerned are inserted here for 
review : 

Nitrogen, 

2 NaCN + PeS04 Na2S04 + Fe(CN)2 

Fe(CN)2 + 4 NaCN -> Na 4 Fe(CN )6 

3 Na 4 Fe(CN )6 + 4 FeCl 3 12 NaCl + Fe 4 [Fe(CN) 6 ] a (blue) 

Sulfur. 

NasS + Pb(C2H302)2 2NaC2H302 + (black) 

Halogen. 

NaX + AgNOs NaNOd + AgX (white to yellow) 

Halogen in an organic compound may often be detected by heating 
some of the compound on a clean copper wire in the Bunsen flame. The 
presence of halogen is shown by a green or blue flame, caused by the decom- 
position of the copper halide which has been formed. This procedure is 
known as the Beilstein test. A phosphorus-containing compound is fused 
with sodium carbonate-potassium nitrate mixture; the resulting phosphate 
is detected by the use of ammonium molybdate. A residue left after the 
ignition of a sample of an organic compound is analyzed for the presence 
of “inorganic” elements by the use of the usual methods of inorganic 
qualitative analysis. 
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Quantitative Analysis 

Carbon and Hydrogen. As in Uie qualitative tests, the substance is oxidized by the use of 
copper oxide. A carefully weighed sample is placed at one end of a long tube of hard glass 
containing copper oxide, and while it is heated a stream of oxygen is passed over it. The vapor 
of the substance, mixed with oxygen, passes over the heated copper oxide, and the carbon 
dioxide and water produced are caught on their exit from the apparatus. The carbon dioxide 
is absorbed by a solution of potassium hydroxide or by Ascarite in a weighed container, while 
the water is taken up by granules of calcium chloride or by Dehydrite in a weighed drying tube. 
Each of these products is then carefully weighed and the percentage of carbon and hydrogen 
in the original sample is calculated from the weight obtained.* 

Nitrogen. For the determination of nitrogen a weighed sample of the compound is healed 
in the same type of apparatus used for (airbon and hydrogen. All air (air contains about 79 % 
nitrogen) is first expelled from the apparatus, its place being supplied by pure carbon dioxide. 
The vaporized substance passes over hot copper oxide and is oxidized, after which any oxides 
of nitrogen produced are reduced to nitrogen by passage over hot copper gauze. The issuing 
gases pass through a solution of potassium hydroxide which completely absorbs the carbon 
dioxide and water. The volume of nitrogen remaining is read off, after which a simple calcula- 
tion leads to a knowledge of the percentage of nitrogen in the original sample. This method 
is called the absolute or Dumas method. 

Certain compounds which yield their nitrogen as ammonia may be digested with con- 
centrated sulfuric acid to form ammonium sulfate. At the close of the heating the mixture is 
made strongly alkaline, and the resulting ammonia is distilled into a measured amount of 
standard acid (taken in excess). The excess acid is estimated by titration with standard 
alkali thus giving knowledge of the amount of ammonia produced, and hence the percentage 
of nitrogen in the sample. This is called the Kjeldahl method; it is commonly employed in 
analyzing food products. 

Sulfur is commonly determined by oxidizing the substance in a sealed tube with concen- 
trated nitric acid (Carius method). The sulfur appears after the oxidation as sulfuric acid 
and is precipitated as barium sulfate. Substances, usually solids somewhat resistant to oxida- 
tion, may be oxidized in a metal bomb with sodium peroxide, the after-treatment being the 
same as for the Carius method. 

Halogens are determined by a method similar to the Carius method for sulfur. Silver 
nitrate is placed in the tube with the sample, and on oxidation of the compound by the nitric 
acid, silver halide is produced. This is weighed for the determination of the percentage of 
halogen in the sample. 

Special Methods. A more refined method of analysis involves catalytic oxidation in the 
presence of platinum. By placing several absorbing chemicals in sequence in the apparatus 
one may make analysis for several elements in one operation. 

Much time is saved by the use of micro methods developed in recent years in which samples 
weighing only a few milligrams are analyzed. Such methods are also of especial value in 
dealing with rare compounds. 

Assigning the Empirical and Molecular Formulas 

The result of a quantitative analysis of an organic compound is a 
knowledge of the relative weights of the various elements which it contains. 
For example, an analysis of a compound containing carbon, hydrogen, and 
oxygen might yield the following figures: 

* A few minutes of the laboratory time should be devoted to a visit to the combustion 
room for a demonstration of the combustion furnace and accessories. 
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Carbon 40.00% 

Hydrogen 6.66% 

Oxygen 5$.M% 

The percentage of oxygen is commonly obtained by subtracting from 100 
the combined percentages of carbon and hydrogen, etc. 
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Fig 1. — Apparatus used in microanalysis. {Fisher Scientific Company,) 

While it is possible to make a quantitative analysis for oxygen, the 
method is not often employed. 

To obtain an empirical formula* from the percentage composition one 
divides such figures by the atomic weights of the several elements. Thus: 






Fig. 2. — Electric micro combustion apparatus for determination of carbon and hydrogen. 

The resulting formula, C 3 . 8 j H8.«8 08.s8 shows the relative proportions of 

* This is the simplest formula possible; it shows only the elements and the simplest atomic 
ratio in which they exist in the compound. 
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the three elements in the compound, but cannot show the actual number 
of atoms of each element in the molecule until the subscripts are changed 
to whole numbers. Dividing each subscript by the smallest number gives 
us the empirical formula, CH 2 O. The true or molecular formula of the 
compound in this instance may be CH 2 O or it may be some multiple of this 
formula, since any multiple would have the same percentage composition. 
A knowledge of the molecular weight of the compound will enable the 
selection of the proper molecular formula. In this example a molecular 
weight of 30 would indicate CH 2 O, while 60 would indicate C 2 H 4 O 2 as the 
proper molecular formula. 


Molecular Weights 


The molecular weight of an organic compound is secured in various ways depending upon 
the nature of the compound. 

(1) The compound is vaporized and from the weight of a known volume of the vapor the 
weight of 22.4 liters of the same at standard conditions is calculated. This latter weight, 
expressed in grams, is the molecular weight of the compound. (Victor Meyer and Dumas 
methods.) 

(2) The compound is dissolved in a suitable solvent and the rise of boiling point of the 
solvent, or lowering of its freezing point is observed. The molecular weight is calculated 
froth the formula: 


M = 


1000 • 0 • 
d-W 


in which C is a constant depending on the solvent taken, w is the weight of substance used, 
W the weight of the solvent and d the rise in boiling point or the depression of freezing point 
in degrees centigrade. Compounds which undergo decomposition when healed alone may 
often be handled by this method, provided that a suitable solvent can be found. Solvents 
commonly used for freezing point determinations are: water, benzene, phenol, camphor; 
those often employed for boiling point determinations include water, acetic acid, ether, benzene. 

(3) If the compound is an acid whose basicity is known, its silver salt may be analyzed and 
the molecular weight calculated from the percentage of silver therein. The silver salts of the 
organic acids have very slight solubility in water and are generally easy to prepare. When the 
dry salt is heated the organic elements are burned away, leaving a residue of pure silver. 

(4) In some instances organic acids or bases may be titrated and the molecular weights 
calculated from the results obtained in this way. Further details with regard to the measure- 
ment of molecular weights may be found in textbooks and laboratory manuals of physical 
chemistry. 

Review of Atomic Structure 

Before going on with the study of formulas it is desirable to consider 
the types of valence shown by various atoms, and in particular by carbon, 
which is the central atom in every organic compound. A preliminary 
rapid review of atomic structure will be of assistance. 

The modern theory of atomic structure leads to the following conclusions : 
(1) The atom contains a small compact nucleus. (2) Most of the mass of the 
atom is concentrated in the nucleus, which consists of protons* and neu- 

* Proton. Positively charged hydrogen atom (same as hydrogen nucleus), mass 
1.37 X lOr^* g. 
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Irons,* each type forming about half of the mass. (3) The positive charge 
of the nucleus, equal to the number of protons therein, is balanced by an 
equal number of electrons f which are arranged in concentric shells about 
the nucleus. (4) The number of extra-nuclear electrons (or the number of 
protons of the nucleus) is the atomic number of the element. (5) That 
shell of extra-nuclear electrons nearest the nucleus is the K shell, the next 
outer shell is L, etc. (6) The K shell of hydrogen contains one electron; 
for other atoms the K shell contains two electrons. (7) The L shell may 
hold up to eight electrons; no electrons are taken into the M shell until the 
L shell has its full quota of eight. The maximum number of electrons in 
the outermost shell of any atom is eight. The following table gives the 
structures of some of the lighter atoms (those of the first three periods). 


Table 2. — Ele<:tron Arrangements, Hydrogen to Argon 


Group of 
periodic table 

Atomic 

number 

Element 

K shell 

L shell j 

M shell 


1 

11 

1 



0 

2 

He 

2 



1 

3 

Li 

2 

1 


2 

4 

Be 

2 

2 


3 

5 

B 

2 

3 


4 

6 

C 

2 

4 


5 

7 

N 

2 

5 


6 

8 

0 


6 


7 

9 

¥ 

2 ! 

7 


0 

10 

No 

2 

8 


1 

11 

Na 

2 

8 

1 

2 

12 

Mg 

2 

8 

2 

3 

13 

A1 

2 

8 

3 

4 

14 

Si 

2 

8 

4 

5 

15 

P 

2 

8 

5 

6 

16 

S 

2 

8 

6 

7 

17 

c\ 

2 

B 

7 

0 

18 

A 

2 

8 

B 


(8) The electrons of the outer shell are termed valence electrons. Their 
number and arrangement will determine the chemical behavior of the 
element. (9) Those atoms which normally possess completed electron 
shells (Helium, Neon, Argon, etc.) are extremely stable and show no tend- 
ency to go into reaction with other elements. (10) Hydrogen, which has 
but one K electron, thus reacts in such wise as to gain another electron and 
so fill the K shell. (11) Other atoms also tend toward the arrangement of the 
inert gases^ that is, an arrangement with an outer group of eight electrons. 

Neutron* Neutral particle of practically the same mass as the proton; it is a proton- 
electron pair. 

t Electron. Unit negative charge of electricity, mass about Hsso that of the proton. 
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(12) An atom may accomplish this either by capture of electrons from 
another atom with which it reacts (a tendency shown by elements of groups 
VI-VII of the periodic system), or by loss of its valence electrons in order 
to expose the completed underlying shell (tendency of elements of groups 
HI). 

Types of Valence Bonds. The electrovalent, electrostatic, or polar bond 
is formed when an electron passes completely from the outer shell of one 
atom to that of another. For example, when sodium reacts with chlorine 
the one M electron of sodium is taken by chlorine to fill its M shell. The 
sodium atom becomes a positive ion, while the chlorine becomes a negative 

ion. Na- + - Cl: Na“^:Cl:“. The compound sodium chloride is thus 

composed of ions held to each other by the attraction of the opposite charges. 
In solid sodium chloride each sodium ion is surrounded by six chlorines 
and vice versa. In other words, no particular two of these ions could be 
singled out and called a molecule of sodium chloride. 

In a covalent bond the atoms concerned share a pair of electrons, one of 
which has been contributed by each atom. This type of bond is very 
common in organic compounds. The shared electrons help to complete 
the outer octet of each of the atoms; thus each atom assumes a stable (inert 
gas) configuration, but without the formation of ions. 

The formation of methane, CII4, may be taken as an example. Here 
carbon with four valence electrons unites with four hydrogens, each having 
one valence electron. By the formation of four covalent bonds the carbon 
acquires its complete octet, while each hydrogen attains its K group of 
two electrons. 


H 

4H- + •C->H:C:H 
H 

The covalent bond may be shown by printing the two electrons between 
the atoms (formula 1 below), but more commonly the atoms are joined by a 
line (formula 2). The symbols C and H stand for the kernels of the atoms 
(all of the atom save the valence electrons). 


H 

H 

1 

H:C:H 

H— C— H 

ii 

1 

H 

(1) 

(8) 


Carbon atoms readily share electrons with each other; thus organic com- 
pounds are based upon carbon chains, both branched and unbranched, and 
also rings of carbon atoms. The phenomenon of isomerism rests upon 
this fact. 
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ISOMEKISM 

In our study of organic chemistry we shall frequently find several com- 
pounds of quite different chemical and physical properties built up of the 
same number of atoms of like elements, differing from each other only in 
their internal arrangement. In the study of general chemistry this phe- 
nomenon did not appear. The formula H2SO4 stands for sulfuric acid, one 
compound; however for the formula C4H6 there are eight compounds, for 
C2H4O2 there are four, while the formula CioHie stands for 195 different 
compounds. Compounds which have the same molecular formulas, but 
which differ from each other in properties, are called isomers^ and the 
phenomenon is termed isomerism.* 

Isomerism is common among the organic compounds, and molecular 
formulas are not suitable in such instances, because one formula stands for 
all of the isomeric compounds and not any particular one of them. If these 
compounds which have the same composition and molecular weights are 
actually different, it must be because of differences of arrangement of their 
constituent atoms. In order to have distinct formulas for different isomers 
the organic chemist uses a device called a graphic formula, which attempts 
to picture the internal arrangement of the molecule. The organic chemist 
employs these graphic formulas in the same way that architects, contractors, 
and engineers use their blue-print drawings. Both the chemist and the 
engineer would be unable to work intelligently without such drawings. 

Graphic Formulas 

In studying general chemistry one finds many cases in which elements 
have variable valence; thus sulfur has a different valence in the compounds 
H2S and H2SO4, and N has different valencies in the compounds NH3 and 
HNO3. This confusion does not arise in the study of organic chemistry. 
Carbon in more than 99% of the compounds we shall study has a valence of 
four. Hydrogen is practically always monovalent, oxygen is divalent, f 

Bearing these facts in mind one is able to set up formulas for compounds 
which tell more about them than can be shown by molecular formulas 
For instance, suppose the molecular formula of a compound being studier' 
(ethyl alcohol), is C2II6O. Following the above rules two different plai" 
(and only two) may be made for the molecule, (1) and (^). 

H H H H 

H— C— O— C— H H— G^C— O— H 

H H H H 

(1) (2) 

* For large formulas the number of possible isomers is very large indeed. It has been 
shown, for instance, that the formula C 4 oHb 2 stands for 62.491,178,805,831 isomers. Only a 
few of these isomers have actually been made. 

t The words univalent and bivalent are also used. 
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Tests of the compound in hand show that when it is treated with metallic 
sodium, one equivalent of hydrogen, and one only, is liberated and a new 
compound is formed. In other words one of the hydrogens in ethyl alcohol 
behaves differently from the others. This fact finds no expression in (1) 
in which all the hydrogen atoms are similarly situated, but (2) shows one 
hydrogen (on the oxygen atom) differently placed from the other five, all 
of which are joined to carbon. Other chemical reactions of the compound 
support this same formulation, which is therefore the correct plan for ethyl 
alcohol. 

Another compound called dimethyl ether satisfies the other plan (1); these two compounds 
are therefore isomers. 


Formulas such as the above are called graphic formulas. A structural 
or constitutional formula is often employed. This may be called a con- 
densed graphic formula. It shows the relationships within the molecule, 
as does the former, but uses less space. The formulas for acetic acid printed 
below show the different ways in which a compound may be pictured. 


Acetic Acid, 


C*H402 

CHaCOCOH) 

(1) 

(2) 

Molecular 

Structural 

formula 

formula 


II O 

I 


JI— C— C— O— II 

I 

H 

(3) 

Graphic 

formula 


o 

H II 

HC— C— OH 

H 


(4) 

Graphic 

formula 

(simplified) 


For the electronic formula, see page 171. 

The molecular formula stands for three other compounds* besides 
acetic acid, therefore it is not correct to use such a symbol in an equation 
to indicate acetic acid; when the graphic or structural formula is used there 
can be no ambiguity about the compound meant. 

As illustrated above, the graphic formula of an organic compound is 
vritten in the manner already familiar from the course in general chemistry, 
ines representing valence bonds are drawn between the atoms which are 
ined each to each, and the jiumber of such lines proceeding from any atom 
ist of Course be equal to the valence of the atom.f It is satisfactory to 
* of the isomers of acetic acid has the following graphic formula; 

O H 
H — C — O — H. 


See if you can write the formulas for the other isomers. 

t Lines may also be used in structural formulas: (CHs — CHa— GH), or dots may be 
employed (CHa CHa-OH), or all indication of bonds may be omitted (CHaCHaOH). 
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omit some of these lines so long as this causes no confusion (see formula (4) 
above). As already stated (page 14) each line in a graphic formula 
represents two electrons shared by the two atoms concerned. 

In formula (2) the three H’s following the first C are attached to it, 
the oxygen coming next is joined to the second C, but the OH in the paren- 
thesis is joined to the second C and not to the first O (if the OH were joined 
to the first O, the second C would have only a valence of two). 

All of these formulas are written in two dimensions alone, and therefore 
they cannot show the true space relations existing in the actual molecule, 
which of course has three dimensions. In due time other types of formulas 
will be introduced which will show the space relations of the atoms and 
such formulas will be used when necessary.* The flat ‘‘starfish formulas 
are perfectly satisfactory in the majority of cases which arise, because we are 
usually not so much concerned with the space arrangements of the molecule 
as we are with its chemical behavior. 

The structural formulaf for a compound may be learned from a study 
of its reactions as has just been indicated. The opposite also holds. Cer- 
tain groups, like hydroxyl, OH, amino, NH 2 , and others which appear in 
many organic compounds, have reactions peculiar to the group. These 
reactions may be looked for whenever such groups are found in a compound; 
in this way the structural and graphic formulas, in which these groups and 
their relationships are plainly shown, form a key to the behavior of the 
compounds when one has learned to understand and read such formulas. 
Elementary organic chemistry is largely concerned with a study of groups 
such as those mentioned above, and the simpler compounds containing 
them. In this book structural and graphic formulas will be used as widely 
as is possible; the student should employ the graphic formulas from the very 
outset in writing equations. The various reactions will be much more 
rapidly and thoroughly mastered if this is done. 

Method of Study 

In learning the material of this (or any other) book you should read an 
entire chapter or assignment at a time in order to get a g “'eral idea of the 
topics which are described therein. Have pen and paper at kslnd and jot 
down the paragraph and divisional headings as you read; if the different 
sections have no headings supply these yourself. Copy important “key 
sentences” for headings. Following this, go over the same assignment pne 
topic or division at a time. Lay the book aside and fill in a short summa:^ 
for the first section studied. Proceed to the next division and after careful 
reading outline this as described above, if possible without any help from 
the book. Save your outline; when the entire assignment is finished use 
the outline to aid your memory in recalling what you have studied. The 
* For an example of a space model, see Fig. 7, page 

t The term structural formula is very often applied to what we here call a graphic formula. 



18 


TEXTBOOK OF ORGANIC CHEMISTRY 


various chapter outlines should be used again when you make a general 
review of the subject,* 

Answers to the questions and problems at the ends of the chapters of 
this book should be written out whether or not the instructor assigns this 
work to be handed in for credit. If there is insufficient time to do all of this 
work, choose representative questions and problems from the different 
types presented. All formulas used should be graphic. After the class 
has attained proficiency in the use of graphic formulas the instructor will 
permit the use of the structural formulas. 

REVIEW QUESTIONS 

1. For what reasons is or^^anic cliemistry studied as a separate branch of the science? IIow 

was “organic chemistry” defined in 1800 and how is it defined today? 

2. In what ways has the study of organic chemistry contributed to: (a) transportation? 

(b) the field of medicine? (c) improvements in textiles? (d) the electrical field? 

3. Name organic compounds used (a) as anesthetics; (b) as germicides; (c) as foods; (d) as 

substitutes for hard rubber or wood; (e) as hypnotics; (f) in lacquers; (g) as solvents. 

4. In what ways are organic compounds different from inorganic compounds? 

5. How do the reactions of organic compounds differ from those of inorganic compounds? 

6. A sulfur compound was analyzed by the (’arius method. A sample weighing 0.2055 g. 

gave 0.31 10 g. of barium sulfate. What percentage of sulfur did the compound contain? 
(EtaOaSOa.) 

7. In a similar analysis a sulfur-containing compound gave 0.7119 g. of barium sulfate from 

a sample weighing 0.1895 g. What was the percentage of sulfur in the compound? 

(EtSH.) 

8. How much barium sulfate would be produced in the quantitative analysis by the Carius 

method of a 0.150 g. sample of an organic compound containing 37% of sulfur? 

9. An organic compound containing 13% of bromine was analyzed by the Carius method. 

The sample weighed 0.25 g. What weight of silver bromide should have been recorded 
in the analysis? 

10. A compound containing chlorine was analyzed by the Carius method. The sample 

weighed 0.1500 g. A precipitate of silver chloride weighing 0.4289 g. was obtained. 
What percentage of chlorine did the compound contain? (MeCl.) .j 

11. Calculate the empirical formulas of the following compounds from the percentage com- 

position of the elements: 

(a) C, 37.24 H, 7.76 Cl, 55.10 (EtCl) 

(b) C, 53.34 H, 15.56 N, 31.11 (EtNH^V 

(c) C, 16.00 

(d) Cd4.54 H, 9.09 O. 36.36 U^FCOOH) 

(e) j, 68.19 H, 13.64 O, 18.18 (AmOH) 

// C, 56.25 H, 3.9 O, 12.5 Cl, 27.34 

y 

I Calculate the percentage composition of the following: 

fa) CaHflO; (b) C4H10; (c) C2H3OCI; (d) CoHtN; (e) (.^JIiiN; (f) C4H10O; (g) CJItON. 

13. The molecular weight of a compound was determined by the Victor Meyer method. A 
sample weighing 0.1100 g. gave 24.16 cc. of gas measured over water at 25.0®C. The 
barometric height was 740.3 mm. (Vapor pressure of water at 25® is 23.5 mm.) What 
was the molecular weight of the compound? (Trichloromethane.) 

*See Manuel, “How to study chemistry.” J, Chem, Education^ 12, 579 (1935). The 
student is strongly urged to purchase G. F. Swain’s excellent little book, How to Study. 
(McGraw-Hill Book Company, Inc.). 
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14. In a similar experiment a 0.200 g. sample gave 68.39 re. of gas measured over water at 

25.0°C. Barometric height was 720 mm. Calculate the molecular weight of the 
compound. 

15. A .sample of a substance weigliing 4^.200 g. dissolved in 100.0 g. of water c{iuse<l a depression 

of the freezing point of 0.4.S2“(\ (The constant for water is 1.85.) ( alcukte the 

molecular weight of the substance. (A hexose.) 

16. The freezing point constant of camphor is 40. In a given experiment 100 mg. of camphor 

(melting point 178°) was mixed with 10 mg. of “unknown.’' The mixture melted at 
170°. What was the molecular weight of the unknown compound.^ 

1 7. A sample of pure glucose weighing 0. J 50 g. was submitted to quantitative analysis, (klcu- 

late the increase in weight of the “Ascarite” and “Dehydritc” lubes. 

18. A certain substance which contained carbon, hydrogen, and oxygen, upon analysis gave 

0.6179 g. cfirbon dioxide and 0.1264 g. water from a sample weighing 0.2200 g. What 
is th<; empirical formula of the substance.^ 

19. A sample of the above compound weighing 5.312 g. dissolved in 50.0 g. of alcohol raised 

the boiling point 1.300°C. ((’onstant for alcohol is 1.15.) What is the molecular 
formula for the substance.^ 

20. Quantitative analysis of an organic compound gave the following results: 


W^eight of sample jj-A 0 . 200 g. 

Weight of carbon dioxide 0.3887 g. 

Weight of water i).St77 g. 

Weight of sample #2 0. 150 g. 

(>)rrected volume of nitrogen 37.3 cc. 


What is the empiric^al formula of the compound? 

21. Quantitative analysis of an organic compound gave the following results: 


Weight of sample 0 . 200 g. 

Weight of carbon dioxide 0 . 550 g. 

Weight of water ' 0.447 g. 

(klculate the empirical formula of the compound. 

22. A compound contains carbon, hydrogen, and oxygen. A quantitative analysis yields the 
following results: 


Weight of sample 0 . 250 g. 

Weight of carbon dioxide 0 . 595 g. 

Weight of water 0.302 g. 


What is the percentage of oxygen in this compound.? 

23. A certain compound was submitted to quantitative ar iysis. A sample weighing 0.2113 g. 

gave 0.6509 g. carbon dioxide and 0.3042 g. water. What is the empirical formula of 
the compound.? 

24. A compound which contained nitrogen gave the following figures upon ana]> Is: The 

sample weighed 0.1960 g. and liberated 84.7 cc. nitrogen measured over water at *'5.0°r. 
The barometric height was 740.0 mm. Calculate the percentage of nitrogen in the 
compound. C ^ 

25. A compound contains 75 % of carbon. What is the low'est molecular weight which can be 

assigned to it? 

26. Calculate the percentage of nitrogen in dulcin; in caffeine; of sulfur in saccharin; of iodine 

in thyroxine. 

27. An organic compound contains 53.84% of oxygen. What is the lowest molecular weight 

which can be assigned to the compound? 

28. An organic compound contains 80% of carbon. What is the lowest molecular weight 

which can be assigned to the compound? 
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20. An organic compound containing C, H» and O, on analysis gave 0.2396 g. of carbon 
dioxide and 0.1305 g. of water from a sample weighing 0.1089 g. What is the lowest 
possible molecular weight of the compound? 

30. Why is it necessary to heat an organic compound with sodium before attempting an 

analysis for chlorine or sulfur, bromine or phosphorus? 

31. The silver salt of a certain monocarboxylic acid was ignited. A 0.2 g. sample of the salt 

gave 0.1293 g. of pure silver. What was the molecular weight of the acid? 

32. What are the essential steps in the Kjeldahl analysis? In the Carius analysis for sulfur? 

33. Explain clearly why space formulas for compounds have such great importance in organic 

chemistry. 

34. Construct graphic formulas for the isomeric compounds having the formulas: (a) C2H4O2; 

(b) CgHcOs; (c) C4H8O2. Note: Do not write formulas in which several oxygen atoms 
are joined together like this: O — O — O. Such arrangements do not commonly occur. 

35. Would it be logical to rearrange the course of study so as to have organic chemistry precede 

inorganic chemistry? Give arguments for and against this plan. 

86. Choose three organic compounds for examples. With these give illustrations for the 
following terms: (a) graphic formula; (b) structural formula; (c) empirical formula; (d) 
molecular formula. 
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CHAPTER IT 


THE METHANE SERIES OF HYDROCARBONS 
' {Paraffins^ Alkanea) 

Introduction. The simplest organic compounds are built of but two 
elements, carbon and hydrogen. They are called hydrocarbons. They 
occur in nature and they can also be artificially formed by suitable methods. 
Not only do the hydrocarbons themselves find very im]>ortant uses, but a 
number of them may be transformed to other chemical compounds of wide 
application. On the theoretical side it may be said that they are the parent 
compounds in the branch of chemistry w^hich is taken up in this book. As 
will be explained very shortly, all the other compounds may be treated as 
derivatives of the hydrocarbons. For these reasons, i.e., the simplicity 
of their constitution and their relationship to other compounds, they will 
be studied first. 

Those hydrocarbons, together with their derivatives which are taken up 
in the first half of this book, are called aliphatic compounds. In these 
compounds the carbon atoms are joined to each other to form open chains. 
The name aliphatic is conferred on these compounds because the natural 
fats belong to this series (Greek aleiphar = fat). In the second part of this 
book we shall study compounds in which the carbon atoms are joined to 
each other in the form of closed chains or rings (the aromatic compounds). 

According to their chemical behavior the aliphatic hydrocarbons may be 
subdivided into several groups. One of these groups contains compounds 
which do not react readily at room temperature with acids, alkalies, or oxi- 
dizing agents. Because of this indifference the compounds of this series have 
been called paraffins (derived from parum affinis^ Latin = small affinity). 
Ordinary paraffin wax is a mixture of several of these compounds. The sim- 
plest member of the paraffin series is called Methane or marsh gas, formula 
CH4. 

Occurrence of Methane. Methane is formed by the decomposition of 
organic material, such as dead leaves, in stagnant marshes, hence the name 
marsh gas. Also it occurs in coal mines, pockets of the gas being opened up 
during the process of mining. Here it is the cause of explosions (when mixed 
with air). It is called by the miners ^r^-damp. Methane is a constituent 
of coal gas, also of natural gas, and of petroleum. The digestion of certain 
types of food in the body leads to the production of methane, which may at 
times constitute as much as 50% of the intestinal gases. It is somewhat 
surprising to read the astronomer^s report that methane is present in the 
atmosphere of Jupiter. 
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Molecular Formula of Methane 


We have given the formula of methane as CH4. To arrive at this 
molecular formula we know that we must first analyze the compound. 
One gram of methane when burned with oxygen will give 2.75 g. of carbon 
dioxide and 2.25 g, of water. A calculation shows that this indicates 75% 
of carbon and 25% of hydrogen. The empirical formula is then CH4. 
As the molecular weight is found to be 16 the molecular formula is also 
CH4. As a flat formula this may be written; 


II 



1 


/ 

11 — C-H 

or 

c< 

1 


\ 

II 




H 

II 

II 

II 


or in any other way, so long as the four hydrogens are shown to be joined 
to the carbon atom. 


Space Formula of Methane 

The nature of the carbon atom was learned in the first year’s work in 
general chemistry.* Its atomic weight is 12 and its atomic number is 6. 
This means that the nucleus has a positive charge of 6 units, while 6 electrons 
are found outside the nucleus. Two of these are in the K shell and the 
remaining four valence electrons are in the L shell. 

These four valence electrons are pictured at the four cor- 
ners of a regular tetrahedron (Fig. 3), that is they are 
shown as equidistant from each other and from the nucleus. 

When four points are so located with respect to a central 
point they will form the apices of a regular tetrahedron. • 

The letter C in the illustration stands for the kernel of 
the atom, in other words everything but the external shell 
of valence electrons. Now while it is probably true that 
all of these electrons are in constant motion, it is necessary for us to use a 
simpler conception in our work, and that shown here in which the electrons 
are fixed at the corners of a tetrahedron has been found the most successful. 

You will remember that when two atoms come together without exchang- 
ing electrons each valence bond represents a pair of electrons shared between 
the two atoms. It will also be remembered that hydrogen tends to hold 
two electrons to its nucleus and that other atoms tend to hold eight electrons 
in their outer shells.* The hydrogen atom has one proton and one electron, 
so that when four hyuxOgen atoms join to one carbon to give CH4, each 

* See page 12. 



Fig. 8. 
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hydrogen is furnished with two electrons, while the carbon atom at the same 
time gets its complete octet (Fig. 4).* 




H 

Fig. 5. 


H 


H — C — rt 


H 

Fig. 6, 


When this space model is projected upon the flat page we get the “star- 
fish’’ arrangement of Fig. 5, which is generally written as shown in Fig. 6. 
The “starfish” formula is false in two respects: (1) it shows the molecule 
in only two dimensions; (2) it shows a 90° angle between the valence bonds, 
whereas the angle is actually 109°28'. The convenience of this type of 
formula outweighs these objections. In looking at such a formula the 
student should try to visualize the tetrahedral model from which it origi- 
nated and should bear in mind that each valence bond represents a pair 
of shared electrons. 

Physical Properties. — Methane is a gas, colorless and odorless. It has 
but slight solubility in water, but is appreciably soluble in alcohol. Its 
specific gravity compared with that of air is only 0.554. As shown in Table 
3 its boiling and melting points are both far below zero. 

Chemical Properties of Methane. Towards acids, alkalies, and the 
ordinary reagents of the laboratory methane is practically inert. It burns in 
air with a slightly yellow flame, or may be exploded if mixed with oxygen in 
the proportion of one volume of methane to two volumes of oxygen. Mix- 
tures of methane and air are explosive over the range from 5.8% methane 
to 13.3 %. A mixture of one volume of methane and two volumes of chlorine 
is also explosive if exposed to direct sunlight. When means are taken to 
slow down the reaction, a mixture of chlorine derivatives of methane 
results. Carbon monoxide and hydrogen are produced when methane is 
heated with steam to about 1000°C. in the presence of activated nickel. 

Ethane, propane, and other hydrocarbons are more reactive than 
methane. A study of their reactions in recent years has dispelled the 
previously held ideas which are implied in the class name “paraffin.” 

Other Paraffin Hydrocarbonb 

The second member of the methane series, C 2 H 6 , is called Ethane. 
Like methane it is a gas, colorless and odorless. It is found associated with 

* In Figs. 8 and 4 the valence electrons are placed outside the tetrahedron so as to be 
plainly visible. Actually they lie closer to the central carbon atom. 
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methane in petroleum and in natural gas. Propane, CJSg, the next member 
of the series is also a gas. The names of some of the members of this series, 
together with their melting points, boiling points, and densities, will be 
found in the accompanying table. It will be seen that the compounds from 
pentane on are liquids. These are colorless and have but slight odor. The 
higher members of this series are solids similar in appearance to paraffin 
wax. These compounds occur in petroleum and are separated from it by the 
process of distillation. (See page 40.) 

All of these compounds have but slight solubility in water, but they 
dissolve in the common organic solvents and they are mutually soluble, that 
is, they are miscible with each other. 


Table 3. — Physical Constants op’ Normal Paraffins 


Name 

... , „ 

Form- 

ula 

M.p., 

°C. 

B.p., "C. 

Sp. g., 

at 2074 ° 

Ht. of 
comb., 

Kg. 

cal./ 

mole 

Calculated 
No. of 
isomers 

Methane 

CH 4 


-161.4 

0.554 (air) 

212.8 

1 

Ethane 

C 2 II 6 

-183.2 

- 89.0 

0.374}^ 

372.8 

1 

Propane 

Calls 

-187.7 

- 42.1 

0,509jj 

530.6 

1 

Butane 

C4Hia 

-138.3 

- 0.5 

0.584JJ 

687.9 

2 

Pentane 

C 5 H 12 

-129.7 

36.0 

0.626 

845.3 

3 

Hexane 


- 95.39 

68.72 

0.659 

1002.4 

5 

Heptane 

C 7 H 1 C 

- 90.6 

98.42 

0.684 

1150.8 

9 

Octane 

CylsHlS 

- 56.9 

125.6 

0.703 

1306.8 

18 

Nonane 

C fill 20 

- 53.7 

150.7 

0.717 

1463 

35 

Decane 

C 10 H 22 

- 29.7 

174.0 

0.730 

1619.4 

75 

Hendecane 

C 11 H 24 

- 25.62 

195.8 

0.740 

1775.3 

159 

Dodecane 

C^Hac 

- 9.60 

216.26 

0.749 

1932.4 

355 

Tridecane 

CuHas 

- 6.2 

236.5 

0.757 

2110.5 

802 

Tetradecane 

Culho 

5.5 

253.5 

0.763 

2271.0 

1,858 

Pentadecane 

CifiHaa 

10.0 

272.7 

0.769 

2415.4 

4,847 

Hexadecane 

Ci6H84 

18.14 

286.5 

0.773 

2556.1 

10,359 

Heptadecane 

C 17 H 36 

21.0 

305.8 

0.778 

2743.2 

24,894 

Octadecane 

CisHas 

28.0 

317.9 

0.782 

2903.2 

60,523 

Nonadecane 

Ci«)H40 

31.4 

336.2 

0.786 

3021.8 

148,283 

Eicosane 

C20H42 

36.7 

205.01® 

0.789 

3183.1 

366,319 

Docosane 

C22H46 

45.7 

230.01® 

0.778^ 

3491.4 


Tetracosane 

C24H60 

49.4 

250.01® 

0.769^0 

3863.3 


Hexacosane 

CaeH 54 

56.4 

268.01® 

0.758®* 

4161.4 


Octacosane 

C28H58 

60.3 

286.01® 

0.776^0 

4475.8 


Triacontane 

C3oHc2 

64.7 

304.01® 

0.780«« 

4793.9 

4.1 X 10* 

Pentatriacontane 

C86H72 

74.5 

281.0* 

0.773** 

5522.6 



Uses of the ParafiSns. The presence of methane in natural gas and coal 
gas has been mentioned. About 8000 billion cu. ft. of natural gas (about 
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45-95% methane) were used in this country in 1941. About 450,000,000 
gallons of liquefied jiropane and butane were used in 1941 as refrigerants and 
for heat and power in the home and in industry, (lasoline is a mixture of 
the lower liquid members of this series. Billions of gallons of gasoline are 
used yearly (about 26 billion in 1941) in autornotiv^e machinery; its use as 
a solvent is also important. Kerosene does duty as an illuminating oil 
and an insecticide; next higher members of the scries are used in lubricating 
oils and greases. These heavy oils are also used as Diesel engine fuel. 
Vaseline includes semisolid members of the series. Its use in medicine and 
as a lubricant is familiar. Liquid petrolatum is a highly purified mixture 
of high -boiling hydrocarbons used as an intestinal lubricant. Paraffin wax 
is used in candles, as a waterproofing compound, as a lubricant, in the 
preservation of fruits and other food products (though certain bacteria 
can use it as food), as an ingredient of electrical insulation compounds, and 
in many other ways. The tarry residue of petroleum distillation is used for 
roofing and road-making material. The coke residue which is produced by 
high-temperature distillation is employed for the making of graphite elec- 
trodes and electric light carbons. 

Preparation of Paraffins 

Special methods for the preparation of methane will be presented first. 

(1) This compound may be formed in small amounts by the reaction of 
carbon and hydrogen at 1200°. This constitutes a synthesis directly from 
the elements, 

(2) The following synthesis of methane may be termed an indirect 
synthesis from the elements: 

(a) Carbon and sulfur unite to form carbon disulfide. 

, (b) Iron and sulfur unite to form iron sulfide. 

(c) By action of acid^on iron sulfide, hydrogen sulfide is produced. 

(d) Finally: 

2 H 2 S + 8Cu + CS 2 4 CU 2 S + CH 4 

Berthelot first made CH 4 by this method in 1856. 

(3) By the action of water on aluminum carbide, methane is formed: 

AI 4 C 3 + 12 H 2 O 4 A 1 ( 0 H )3 + 3 CH 4 

(4) The catalytic reduction of carbon monoxide in the presence of 
hydrogen produces methane: 

Nickel 

CO + 3 H 2 > H 2 O + CH 4 

catalyst, 

200 - 850 ® 

This, again, is an indirect synthesis from the elements. 
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The following methods of preparation are general^ that is, these methods 
will answer for the preparation of various members of the methane series. 

( 1 ) The reduction of a halogen compound of a hydrocarbon (called an 
alkyl halide) in the presence of hydrogen, leads to the formation of the 
hydrocarbon and halogen acid. 

Redn* 

C H 3 I > HI + CII 4 

2II 

This reduction may easily be accomplished by the use of a zinc-copper 
couple, with which the alkyl halide dissolved in alcohol is brought into 
reaction. Other reducing combinations are: zinc and acid, sodium and 
alcohol. In some cases hydrogen iodide may be used. The latter method 
may be applied to alcohols and is shown on page 102 . 

( 2 ) Pure paraffins are very conveniently made from alkyl halides through 
the intermediate preparation of Grignard reagents. A Grignard reagent 
is formed by the interaction of metallic magnesium and an alkyl halide 
dissolved in dry ether. 

dry Ethylmagnesium 

CjIIsBr + Mg > C 2 H 6 MgBr bromide, a 

ether Grignard reagent 

Treatment of the Grignard reagent (in its ether solution) with water or a 
compound possessing active hydrogen (acid, alcohol, etc.) gives the free 
hydrocarbon. 

C 2 Hr.MgBr + II 2 O MgBr(OH) + C^BL, Ethanef 

(3) The reduction of an alkyl halide with metallic sodium (Wurtz reac- 
tion), gives a hydrocarbon with twice as many carbons as the alkyl halide 
employed and is a means of “stepping up’’ (increasing the length of a 
carbon chain). 


CHs— |I” 

“ Na] 

CHs 



+ 

2 NaI + 

1 

or 

C^Het 

CH3-[I 

Na 

CH 3 




h^lthane 


Any reaction of this kind (or series of reactions) in which a compound is 
made from simpler compounds (perhaps from the elements) is called a 
synthesis. We shall see later (page 81) that the Wurtz reaction has 
limitations. 

* The reduction of a compound will be indicated in this book by “Redn” placed over the 
sign of reaction. The hydrogen atoms w^hich are needed for the reaction may be supplied by 
action of an acid on a metal or in other ways, as the occasion may require. 

t This reaction must be taken on faith for the present. The mechanism will be discussed 
in a later chapter. 
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(4) Hydrocarbons of the methane series with short carbon chains may 
be made by heating the sodium salt of the corresponding acid (having one 
more carbon atom than the desired compound) with excess of a strong base. 
As an example take the preparation of methane; this hydrocarbon having 
but one carbon, the acid used must have two carbons (Acetic acid). Its 
sodium salt is to be heated with a strong base (NaOH, KOH) in the absence 
of water. The equation is given below: 

A 

CHsCOaNa + NaOn NaaCOa + CH4 

Soda lime, a mixture of sodium hydroxide and calcium oxide, is used in this 
reaction. Presence of the calcium oxide tends to decrease the etching of the 
glass vessel. The CH 4 is mixed with small amounts of other gases produced 
by side-reactions not shown here. 

Graphic Formulas. Isomerism 

Carbon being tetra valent* and hydrogen monovalent, it follows that the 
simplest hydrocarbon possible must have the formula CH4. Its plan, 
already discussed, is shown below. 

H 

I 

H — C — H Methane 

I 

H 

Compounds of this kind, in which every atom is held by one valence 
bond, are called saturated compotmds. The hydrogen atoms are placed in 
equivalent positions about the central carbon atom, because experiment 
has shown that they are all related to this carbon in the same way. 

For example: the chief reaction of compounds like methane is substitution. When treated 
with a free halogen, halogen acid is liberated, and hydrogen of methane is substituted by 
halogen: 

CHa-H + ClCl HCl + CH3CI 

It is wnceivable that if the hydrogens had different relations to the carbon, several different 
compounds could result from this reaction, one hydrogen being replaced in one case, and 
another in another instance. However, it makes no difference how the above reaction is 
carried out, one and the same compound always results when one chlorine replaces one hydro- 
gen. This proves that the hydrogens are equivalent. 

Models of Molecules. Several types of molecular models are in com- 
mon use. One type, built on the “Tinker-Toy” principle, has black 
wooden balls to represent carbon atoms. Other balls, variously colored, 
representing hydrogen, chlorine, etc., are attached to the carbons and to 


* Some use the word quadrivaUnL 
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each other by means of wooden pegs which represent the valence bonds 
(see Fig. 7). 

The Fisher-Hirschfelder models are built to scale from actual measure- 
ments of atomic radii and bond angles. The “atoms” from which they 
are constructed are 100,000,000 times the actual size, but are in fact quite 
small and the molecular models are very compact (see Fig. 8). 



Fig. 7. Fig. 8. 

Figs. 7, 8. — Models of Methane molecules. 


Such models are quite important in working out problems of structure, but 
in the classroom they are perhaps less often used than the Tinker-Toy 
models, since the latter can be seen more plainly from a distance. The 
student should understand that the Tinker-Toy models greatly exaggerate 
the interatomic distances. 

When a saturated hydrocarbon has two carbons the formula is as shown 
below: 

H H 

HC— CH Ethane 
H H 


The compound is called ethane. Again the hydrogens are equivalent to 
each other in their relations to the carbon atoms, and experiment has shown 
that there is only one compound of the formula C 2 H 6 CL 

The structure of a saturated hydrocarbon having three carbon atoms is 
as follows: 


H 


H H H 

-U 


H H 


C— H 


Propane 


The hydrogens in this compound are evidently not equivalent; those on the 
central carbon atom have different environment from those on the end car- 
bons. We would predict the existence of two different compounds of 
formula CsHtCI and experiment has demonstrated that two such compounds 
actually exist, and only two: 
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H H H H H H 

III III 

H— C— C— C— H and H— C— C— C— H 

III III 

H Cl H H H Cl 

It is possible to tell from their reactions which formula to assign to each 
compound; this will be made clear in the ensuing sections. One sees at 
once the great value of the graphic formula which allows us to make predic- 
tions such as that just quoted. Chemists place implicit faith in these 
formulas because at no time in the history of organic chemistry has it been 
possible to make isomers of any compound in a greater number than that 
predicted from the graphic formula.* 

On inspection of flat formulas it might seem that there should be two 
kinds of propane as shown below, (1) and (2). 

TI CTIs 

I I 

HaC-C—CII,-, H— C— CHa 


! I 

H H 

( 1 ) ( 4 ) 

However if we use the space models we sec that these formulas stand for but 
one compound, (1) and (2) below. 


H CH, 



Fig. 9. Fig. 10. 

With a little practice one is able to view the flat formulas and see them in 
three dimensions, if they are simple. For complex formulas one resorts to 
the use of models when a knowledge of the actual structure in space is 
important. 

If we attempt to make a graphic formula for a hydrocarbon having 
fom* c&rbons, we find that two different structures are possible, (1) and (2). 

H H H H H H II 

HC— C— C— CH HC— C— CH 

H II H H H I H 

(1) HCH 

H 
( 2 ) 

Isomeric Butanes 

• See, however, page 332. 
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In (1) the carbon atoms are seen to be joined in a line, forming what we 
call a “straight-chain” compound, while in (2) there is a chain of three 
carbons bearing a fourth on its central member, the whole group forming a 
“ branched -chain ” compound. Now there are actually two different sub- 
stances having this same molecular formula, CJIio* Their chemical reac- 
tions are slightly <lifl‘erent, and they differ in physical properties. Thus one 
boils at whereas the boiling point of the other substance is — 11.72®C. 

It is generally i)ossible to distinguish between sucli isomers by a considera- 
tion of the methods used to make the compounds. Thus, if the Wurtz 
reaction (see p. 27) were carried out with such a compound as ethyl iodide, 
it is reasonable to suppose that a substance with the structure shown in (1) 
above would result. 


H H 

H(>— C— 

H H 


I 

+ 

I 

Na 




H 

-C- 

H 


H 

-( H 
H 


H II H H 


2NaI + lie— C— C— CH 
H H H H 


When we carry out this reaction, the compound secured boils at —0.5®. 
Therefore, the compound boiling at —11.72® is presumed to have the 
structure shown in (2). There is other evidence which leads to the same 
conclusion. 


Reactions of the Paraffins 

As has already been said, the methane hydrocarbons are quite inert to 
the ordinary reagents of the laboratory. This is especially the case for low 
temperature reactions with the lower members having straight chains. 



Fig. 11. Fig. 12, 

Figs. 11, 12. — Models of butane molecules. 


It is true that commercial mixtures such as kerosene and gasoline will 
appear to undergo reaction with nitric or sulfuric acid at room temperature, 
but this reaction is due to impurities, and quickly subsides when the latter 
are used up. In attempting substitution reactions one notes that the thr^ 
types of hydrogen in the compounds are not replaced with equal-tftfse. 
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Primary hydrogen (that attached to a primary carbon atom) is least readily 
substituted; tertiary hydrogen (attached to a tertiary carbon atom) is most 
easily replaced. The ease of replacement of secondary hydrogen is inter- 
mediate. The diagram shows that a primary carbon atom is joined to one 
other carbon, whereas a secondary carbon atom is joined to two other 
carbons, and a tertiary carbon atom to three others. 


H 

H 

c 

1 

C— C— H 

1 

c— c— c 

1 K 

|, 

C— C— H 



c ^ 

Primary carbon atom. 

Secondary carbon 
atom. 

Tertiary carbon atom. 


The paraflBns undergo reaction when they are superheated, when treated 
with a halogen, with fuming sulfuric acid, or with nitric acid (at 400 ®C.). 
They are easily burned in the presence of air or oxygen. Their reactions 
thus fall under the heads of oxidation, substitution, and pyrolysis. 

(1) Oxidation, The products in this case arc H2O and CO2 for complete 
combustion. 

Example: 

CH4 + 2O2 CO2 + 2II2O 

If insuflScient oxygen is present methane may be burned to produce chiefly 
carbon monoxide and water.* Other products result with a change of 
experimental conditions. 

An important commercial application is the preparation of formalde- 
hyde from methane by air oxidation; by-products include methanol and 
acetaldehyde. Another application concerns the catalytic air oxidation 
of petroleum fractions to give mixtures of acids, useful for preparation of 
soaps or esters. 

(2) Pyrolysis, If methane be heated to about 1000°, the molecules fall 
apart. Such a decomposition is termed thermal decomposition or pyrolysis, 
and when larger molecules are concerned is usually termed ‘‘cracking.” 
Molecular fragments may recombine to give ethane in good yield; 
aromatic compounds may also be formed in this reaction under suitable 
conditions. The following equation illustrates a special application: 

1000 ° 

CH4 >2H2 + C 

The reaction may be carried out commercially by burning natural gas with 
insufficient air. The heat of the flame promotes the reaction, and while 
some CO 2 and H 2 O are produced, the yield of free carbon is good. This 
* By careful regulation of the temperature and oxygen supply, and by the use of various 
catalysts, the saturated hydrocarbons may be incompletely oxidized to alcohols, aldehydes, 
acids, etc. 
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finely divided ‘‘carbon black” is used in (1) compounding rubber tires 
and in (2) paints.* About 300,000,000 pounds a year (50% of total pro- 
duction) are used in rubber for tires. 

Mt^thane when heated with steam will yield carbon monoxide and 
hydrogen : 

800-1000° 

CH 4 + H 2 O > CO + 3 H 2 

Ni (with AI 2 O 8 ) 

This is an important source of hydrogen for use in the Bergius process or 
for ammonia synthesis. Additional hydrogen is secured from the reaction 
of carbon monoxide and steam, using iron oxide-chromium oxide catalyst: 

500° 

CO + H 2 O > CO 2 + H 2 


The cracking of saturated hydrocarbons is discussed further on page 54. 

(3) Substitution (a) Sulfonation. Fuming sulfuric acid reacts readily 
with saturated hydrocarbons having tertiary hydrogen, but only slowly 
with the straight-chain compounds. The products are a sulfonic acid, 
CnH2n4.i . SO3H, and water. 

(b) Nitration. Saturated hydrocarbons nitrated in the vapor phase at 400° 
give nitro compounds (formula CnH 2 D+i • NO 2 ) and water. Chain cleavage 
occurs at the same time, so that a mixture of nitro compounds is secured in 
the nitration of a single compound (see page 297). 

(c) Halogenation. In direct sunlight methane reacts with two volumes of 
chlorine with violence, to produce free carbon and hydrogen chloride: 

CH 4 + 2 CI 2 C + 4HC1 


In diffuse light, hydrogen in methane and other members of this series may 
be replaced by halogen atom, as shown in the following equation: 



HC1 + 


H 

H— i 


Cl 


H 

Methyl chloride 


Note that this reaction yields a by-product, hydrogen chloride. Bromine 
reacts as shown above, but iodine does not take part in such a reaction with 
these hydrocarbons. As the halogen atom takes the place of hydrogen, 
it is said to have “substituted” the hydrogen. The reaction is called 
substitution! and the derivativef is known as a ^^substitution product” of 
methane, t 

* See Ellis, Chemistry of Petroleum Derivatives, Chemical Catalog Co., 1084, p, 250. 

t A derivative is a compound made from another compound by a simple chemical process. 

{The reaction shown is ** halogenation,*’ one type of substitution; specifically this is 
** chlorination.** 
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The number of hydrogens substituted in this way is a function of tem- 
perature, concentration, etc. By the reaction shown above, using excess 
chlorine, one could prepare the following compounds, by successive sub- 
stitution of hydrogen of methane by halogen (see page 79). 


(.'Had Cliloromcthaiic or Methyl eliloride 

CHada Dichloromeiliane or Methylene chloride 

ends Trichloromethane or Chloroform 

C.’Cl^ Tetrachloromethane or Carbon tetrachloride 


The student will note that each of these compounds has several names. 
This may seem an undesirable feature and an undue tax on the memory, 
but the contrary will prove true as our study in this subject advances, 
and the fact that the majority of the organic compounds can be named in 
several ways will be found a decided advantage. 

Radicals. It will be noted that the first compound above has a name 
similar to that of an inorganic binary compound, i.e. : 


KCl Potassium chloride 

CIIjjCl Methyl chloride 


The fact is that this compound may undergo a series of transformations 
in which the Cl-atom is changed for other atoms or groups of atoms, while 
the carbon and three hydrogens remain in a group unchanged. Some com- 
pounds made in this way are: 


CIlaOH Methyl alcohol 

CHaCN Methyl cyanide 

CHsI Methyl iodide 


Groups like 804“", NOa"", etc., which remain intact during different reactions 
of their compounds, we call radicals. Therefore — CHs is also a radical; 
we call this the methyl group. 

Nomenclature of Radicals. Names and formulas of a few simple radicals 
are given below. It is convenient to use these radical names when referring 
to parts of complex formulas. The names are formed by placing “yl” 
after the stem “meth” etc., instead of “ane.” 


CHa— 

CjHb— 

CHaCHjCHir-. . . . 

(CHa)2CH— 

CHaCHsCHaCHa- 


Methyl 

Ethyl 

Normal propyl 
Isopropyl 
Normal butyl 


I 

CHaCHaCHCH, 

(CH8)2CHCH2— 

(CHa)8C-~ 

CHaCHaCHaCHaCHr- 


Secondary butyl 
Isobutyl 
Tertiary butyl 
Normal amyl 


These radicals have the type formula CnH2n4.i* and are known as alkyl 
* See page 87. 
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Michel E. Chevrettl. (1786-1889, 
French.) His work with fats and oils, 
begun in 1811, is outstanding. He called 
attention to the value of melting point 
and boiling point for the characterization 
of organic compounds. This picture, 
taken when he was 100 years old, is an 
early example of candid photography. 
See J, Soc, Chem. Ind„ 8, 268 (1889), Am, 
Chcm. J., 11, 289 (1889), J. Chem. Sat, 
(London), 67 , 445 (1890). 


Fix. 




Michael Faraday. (1791-1867, Eng- 
lish.) Faraday is best known for his work 
in the field of physias, but he made valu- 
able contributions to organic chemi.stTy. 
He first prepared halogen compounds 
(ethylene iodide, organic chlorides) and 
is famous for his extraction of benzene 
from oil gas. He proved the “ isomerism 
of ethylene and butylene. See J. *8oc. 
Chem. Ind.y 44 , 630, 653 (1925), Science, 
73 , 433, 462 (1931), J. Chem. Education, 
8, 1493 (1931); also this book, page 393. 


Centrat ScienJtifie Company. 
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radicals (because they appear in the alcohols). Abbreviations are often 
used: Me for methyl, Et for ethyl, Pr for propyl, etc.* The letter R stands 
for any radical, thu^ the formula RH indicates a hydrocarbon. 

Nomenclature of Compounds 

A simple and accurate system of nomenclature is of the greatest impor- 
tance to the proper advance of the science of organic chemistry. The num- 
ber of compounds already made and at the disposal of chemists is very large; 
thousands of additional compounds are added to the list every year. There 
is some difficulty in making such a system of naming, because it must be 
easily understood and not cumbersome, but at the same time comprehensive 
enough to provide for both the known compounds and those still unknown 
and yet to be made. 

Coordinated efforts toward the construction of a system of naming 
organic compounds led to the congress of chemists in Geneva, Switzerland 
in 1892 from whose recommendations we have the “‘Geneva” system of 
nomenclature, t In 1922 the International Union of Chemistry set up a 
committee to care for the reform of the nomenclature. On this committee 
the important chemical journals of the world are represented by delegates. 
The meetings and deliberations of the committee resulted in the “Definitive 
Report” of 1930. J 

The I.U.C. nomenclature is used in this book, but older names are given 
as well, because they are still in daily use and will be encountered by the 
student in other books and in the journal literature. It is likely that for 
many simple compounds these older names will always be used, along with 
the new names. 

Students sometimes experience a little difficulty in using the official 
naming system at the beginning of a course in organic chemistry, but 
ordinarily the main points are not hard to learn. One has to remember that 
this naming system is the only part of organic chemistry that man has him- 
self created; of necessity it cannot be perfect. 


Nomenclature of the Paraffins 

The first four members of the series have special names: 

Methane 

Ethane 

Propane 

Butane 


CH4 

CaH« 

C5H8 

C4H10 


From C 6 H 12 on, the names are founded on the Greek and Latin number- 
ing systems thus: 

* Radicals higher than amyl (Am) are not abbreviated at present, 
t For an interesting review of the meeting, see Armstrong, Am. Chem, J,, 16, 50 (189S). 

X See Patterson, Definitive report of the commission on the reform of the nomenclatiire of 
organic chemistry, J, Am* Chm, Soc,, 56, 3005 (1833). 
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C5H12 Pen tune* 

C eH 14 Hexane 

C7H10 Heptane 

CsHis Octane 

• etc. 


All of the compounds of this scries have names ending in -ane,f Their 
formulas differ from one another by the constant difference CH2 as we go 
up or down the series. Such a series of compounds as this, in which the 
members are of the same chemical type, with formulas differing by CH2, is 
called a homologous series. The members are called homologs of one 
another. All of the aliphatic compounds belong to such series, and this 
fact greatly simplifies the study of organic chemistry. Instead of taking 
up one by one the thousands upon thousands of known compounds, we are 
enabled to consider all of the compounds of any one homologous series at 
one time. These compounds have similar chemical traits, because their 
structures are closely related; therefore we can learn the chemistry of the 
entire group with no more effort than would otherwise be required to study a 
single compound. Of course we may anticipate certain “exceptions’’ to 
this general rule, but such exceptions will make very little trouble. 

Inspection of the structure of any member of the methane series, say 
heptane for example: 

H H II H II H H 

I I I I I I I 

H C— C— C— C— C— €— C H 

I I I I I I I 

H H H H H H H 

shows that for each carbon there are two hydrogens, and in addition there 
are two more hydrogens for the ends of the chain. Thus we arrive at a 
type formula for the series, CnH2n+2, which stands for any one of the com- 
pounds of the series. 

How to Name a Complex Structure (I.U.C. System), First, pick out the 
longest continuous chain of carbons which the formula contains. In the 
following example, the longest chain which can be found has six carbon 
atoms (hence this is a substituted hexane). 

CH3 C2H5 H 

I ! I 

H— — iCHs 

I I I 

6.6C2H5C2H5 CH3 

Next, number the carbons of this chain (the longest one) as shown above. 
Now starting at number one of the chain, see which groups have been 
substituted for hydrogen, noting in each case the number of the carbon 
* The five-carbon radical is not called pentyl, but instead the name amyl is used, 
t They are often called alkanes. 
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atom on which the group is placed. In the present example, there is a 
methyl group on carbon two, two ethyls on carbon three, and methyl on 
carbon four. These various groups are substituted for hydrogen atoms in 
hexane, therefore the name of the compound is 3,3-diethyl-2,4-dfmethyl- 
hexane. Rewritten to show more plainly that this is a substituted hexane, 
the formula looks like this: 

H H CH3 C2H5 II 

I I I I I 

H— C"— C^— 0 C‘^— 'CHj 

I I I I I 

H H H C-JIs CHs 

It will be seen that these two formulas are alike, even though one of them 
has been somewhat contorted (this is sometimes resorted to for greater ease 
in printing a book or for making certain equations easier for the eye). 
The numbering of the chain is always such that the numbers in the name 
are the smallest possible. If, in this case, we had numbered from left to 
right, the ‘‘rule of lowest numbers” would have been broken. 

It is also feasible to name complex hydrocarbons as if they were derived 
from methane by the substitution of hydrogen by various alkyl groups. 
To apply this method choose as the central methane carbon atom that car- 
bon in the formula which is attached to the largest number of other carbons. 
The examples below show the application of this system of naming to the 
hexanes. 

When only two isomers of a saturated hydrocarbon occur, the one with 
straight chain is called normal (n), the other iso; when more than two exist, 
the one with straight chain is normal, and the least complex structure after 
this is sometimes called iso. An iso compound has a single branch at one 
end of the chain; the rest, of the chain is unbranched. An example is seen 
in 2-methylpcntane below. Ambiguity is always avoided by the use of the 
systems of naming which have just been explained. The isomers of hexane 
are given below to illustrate what has been said on this subject. 

Isomeric Hexanes, 

11 H H II II II 


H- 

-C— C— C—C— C— C— H 

Normal hexane, B.p., 69.0® 


H H II H II H 


H 

CHs H H H 

f 2-Methylpentane, B.p„ 60.0® 

H— C- 

-rc 1 — c:— c— c— H 

1 Dimethylpropylmethane, 

H 

LH J H H H 

(i.?o-Hexane 

H 

H CH, H H 


H— C- 

-c— rc 1— C—C— II 

f3-Methylpentane, B.p., 64.0® 

H 

H LH J H II 

1 Diethylmethylmethane 

H 

CH, CH, H 


H— C- 

rc c 1 c H 

1 2, S-Dimethylbutane, B.p., 58.1® 

H 

LH H J H 

1 Tetramethyiethane 
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H H CH, H 

II c— [C ]— C-n (2, g-Dimethylbutane, B.p., 49.7^ 

H H CH 3 H lEthyltrimethylmethane 

The carbon atoms enclosed by brackets are the nuclei used in naming 
their compounds by the second system explained above. 

In a series of isomeric compounds, such as the hexanes shown above, it 
will generally be found that the isomer with normal structure has the highest 
boiling point of the series, while the compound with the most branched 
structure has the lowest boiling point. Inspection of the boiling points of 
the hexanes will show the variations which exist in this series. 

Nature of Carbon Chains. In writing formulas it is usually convenient 
to place the carbon atoms of a chain in a straight line as we have done, but 
we realize that they are not actually so arranged. The angles of the valence 
bonds with each other prevent such an arrangement. A three-carbon chain 
is actually as shown in ( 1 ) below, and a four-carbon chain as in (2) or ( 8 ), 
or in any arrangement intermediate between these two.* 

r r 

( 1 ) ( 2 ) ( 3 ) 

Fig. 13. Fig. 14. Fig. 15. 

Long chains are thus in a zig-zag arrangement or else arranged as open 
spirals. It is known that the chains of solid paraffins have the zig-zag 
arrangement. For liquid and gaseous paraffins the helix arrangement is 
favored by some chemists, not by all.f 

Petroleum 

Petroleum or ‘*rock oil” is the chief source of the hydrocarbons which 
are discussed in this chapter. In its crude state petroleum is a thick oil 
varying in color from a light brown to black. It is contained in pools in 

* The models are set on a flat surface and viewed from above; the picture is somewhat 
“idealised.” 

t Molecular models should be used throughout the classroom discussion of the material of 
this chapter. 
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and between layers of porous rocks at various depths underground, and 
wells to tap these pools range from a few feet to about two miles in depth. 
A three-mile well is a recent achievement. 

The origin of the petroleum in the earth is “explained” by several theo- 
ries. One has it that the action of water upon metallic carbides under heat 
and pressure caused the formation of the oil, but although some carbides do 
react with water to yield hydrocarbons (pages 26, 64) there are several 
strong objections to this theory. There are more facts to support the theory 
that petroleum was formed in past ages from the decomposition of plant 
carbohydrates under heat and pressure. The presence of derivatives of 
chlorophyll in petroleum is thus explained. Also coal (known to have a 
carbohydrate origin) is often found in the neighborhood of oil deposits. 
Some of the compounds found in petroleum contain nitrogen and sulfur 
which also occur in the proteins of plants. 

There is as well a theory that petroleum was formed by the decomposi- 
tion of fish. In support of this there is offered an experiment in which fish 
blubber was heated under pressure and paraffins like those in petroleum were 
produced in good yield.* 

Petroleum is found in many parts of the world, large amounts being 
obtained in the United States (California, Oklahoma, Arkansas, .Kansas, 
Texas, Pennsylvania, Illinois, Ohio, Colorado) and in Canada, Russia, 
Mexico, Persia, and other places. In Scotland and in certain regions of the 
United States, notably in Colorado and Utah, a bituminous shale (“Oil 
Shale ”)> is present in large quantity. This, when distilled, yields paraflSn oils 
among other products. There is considerable interest in these shales, as 
the diminishing supply of petroleum f may necessitate their use at some 
future time as a source of paraflSns. Ozokerite or earth wax is a solid wax- 
like substance, found in many localities, principally in Galicia. This may 
be used as a substitute for beeswax after a preliminary purification by the use 
of sulfuric acid, followed by successive washing with water and alkali. 

Petroleum contains, in addition to the paraflSn hydrocarbons, many 
others of diverse series, also benzene hydrocarbons and other substances 
the nature of which varies with the source of the oil. Petroleums are 
classed as paraffin-base oils and asphalt-base oils, the former leaving upon 
distillation a residue of paraffin, while the latter yield a product similar to 
natural asphalt. 

Refining* In the refining of petroleum it is subjected to distillation and 
separated into a number of fractions, each of which contains several members 
of the paraffin series. The products obtained from the distillation include 
ligroin or “petrolexun ether” (boiling range about 35-80®), gasoline (range 

* For interesting discussion see Ipatieff, Catalytic Eeadions at High Pre 0 Mures and Tern- 
peraturest Macmillan, 1036, p. 586. 

t It is quite possible that petroleum b now being formed in the earth and that the ayaib 
able supply b increasing. 
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about 50-220°), kerosene and other middle oils, heavy oils, vaseline, paraffin 
wax, and coke. Further purification is necessary to fit these products for the 
market. See flow sheet, page 788. 

To remove objectionable sulfur compounds from gasoline the crude 
distillate may be treated with concentrated sulfuric acid. Colored impuri- 
ties are removed at the same time. If the percentage of sulfur compounds 
is high, “doctor solution’’ may be used (see page 115). Final treatment 
consists in a thorough washing and a redistillation. 

In the purification of lubricating oils excess wax is removed by chilling. 
This precipitates the wax which is then removed by filtration. An alter- 
native treatment is to add something to the oil to prevent crystallization 
of the wax. The best known of such pour point depressants are Paraflow 
and Santopour. Both are synthetic products. A treatment of the oil 
with sulfuric acid may be needed to take out sulfur compounds and other 
impurities. 

It has recently been discovered that objectionable compounds may be 
removed from lubricating oils more advantageously by solvent extraction 
than by sulfuric acid treatment. Several solvents have been used in this 
way including furfural (page 641), “chlorex” (page 129), phenol, cresylic 
acid, and certain mixtures of liquids. Liquid petrolatum is purified by 
treatment with strong sulfuric acid, then with alkali. Filtration through 
charcoal follows. 

Cracking. The large demand for low-boiling compounds to be blended 
into gasoline has caused the rapid development of several processes for the 
intentional cracking of the higher-boiling products. The cracking process 
consists essentially in the breaking down of large molecules of the higher 
members of the series to yield smaller molecules, and is accomplished by 
heating the oil under pressure. Cracking applied to crude oils and heavy 
oils greatly increases the gasoline yield from petroleum. Furthermore, 
the cracked gasoline has a higher octane rating than that directly distilled 
from petroleum because of the presence of olefins (page 54) and an increased 
percentage of branched-chain compounds. Catalytic methods of cracking 
produced about *86,000,000 barrels of gasoline (1941) out of a total of about 
320,000,000 barrels of cracked gasoline. 

Aluminum chloride is used as a catalyst in one of the recent cracking 
processes. The chemical industry as a whole has benefited by the cheap 
aluminum chloride developed for use in this process. About 50% of our 
gasoline is now made by cracking. 

Polymerization. In the cracking operation mentioned, gases are pro- 
duced belonging to the olefin series (page 49). These are made into liquid 
motor fuel by a polymerization process. The process involves heat treat- 
ment of olefins and saturated hydrocarbons of low molecular weight at a 
suitable pressure. Phosphoric acid is used as a catalyst in one process. 
The gasoline so made has high octane rating. See equation, page 48. 
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Natural Gasoline. Bergius Process. The demand for gasoline has 
also led to the practice of stripping natural gas of its gasoline content. This 
is known as natural gasoline or “casinghead gasoline.” It is too volatile 
to be used directly, but is mixed with heavier gasolines in making motor 
fuel. U. S. production (1941) was about 3 billion gallons. 

In the Bergius process powdered coal is heated with hydrogen at high 
temperature and pressure to form a synthetic petroleum from which satis- 
factory gasoline may be obtained. The Bergius i)rocess is also used with 
petroleum, giving gasoline and lubricating oils of high quality. Low- 
temperature tar and creosote oil may be hydrogenated to give yields of 
gasoline of about 80%; the yield from coal is about 60-70% by weight. 

Antiknock Fuel. New models of automobiles have used ever higher 
compression ratios with the object of increasing the power per pound of 
engine weight. The increased compression causes “knocking” with con- 
sequent loss of power. Study of the problem has shown that straight-chain 
hydrocarbons knock more than branched-chain compounds. Compounds 
of the ethylene series (Chapter III) are antiknock; these are produced in 
the cracking operation and give added value to gasolines made in this way. 

In order to compare automobile fuels with regard to their knocking 
characteristics the “octane number” is used. The octane number of a 
gasoline is the number of per cents of 2,2,4-trimethylpentane (“isooctane”) 
present in a mixture of this compound and n-heptane, when the mixture 
has the same knocking characteristics as the gasoline under examination. 
On the octane scale n-heptane, which knocks badly, has zero rating, and 
isocictane is arbitrarily given 100 rating. Octane ratings of typical com- 
pounds of several series are given in the table. 


Compound 

Octane 

rating 

Compound 

Octane 

rating 

Ethane 

100 -(- 
0 

Ethenc 

81 

w-Heptane 

Propene 

85 

w-Octane 

-17 

Pentene-2 

80 

S-Methylpentane 

75 

Cyclohexane 

77 

2,2-I)iniethylbutane 

96 

Benzene 

100 -f 
100 -f 

2,2,3-Trimethylbutane 

100 -h 

Toluene 




Tetraethyllead is now used universally as an antiknock compound; 
about 60,000,000 pounds were used in 1936 (page 326). 

Progress in aviation and in automobile engine design has created a call 
for fuels with high octane ratings. The methods used to make them cannot 
be discussed in detail here. They include (1) “hydroforming” of low 
octane number gasoline (heating in presence of hydrogen and a catalyst); 
(2) the polymerization of 4-carbon unsaturated compounds to 8-carbon 
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compounds which add hydrogen to form “isodctanes.” The equation for 
the preparation of 2,2,4-trimethylpentane is : 

CH2 (iis cHs cm 

II II H2S0, I II 

CII 3 - C + H— CII,.— C— CH, > CII 3 - C - CHa— C— CH3 

I I 

ciis cm 

CH 3 CHa 
2H I I 

— ^CIl3 ( -CH 2 — C— CHs 

1- I 

CH3 H 

“lso()ctane’* 

(3) The addition of alkanes to alkenes to produce hydrocarbons of high 
octane rating is noted on page 56. (4) “Isomerization” refers to a change 

of chain structure. Butane is converted to isobutane when heated with 
aluminum chloride; n-pentane (octane rating 64) isomerizes to isopentane 
(octane rating 91). Heat treatment of a gasoline to cause isomerization 
is known as “reforming.” For further discussion of the preparation of 
special motor fuels, see the references of page 47. 

Petroleum Statistics 
Production (in 1000 barrels) 



1939 

1940 

1941 

World 

2,085,444 

2,141,946 

2,226,836 

United States 

1,264,962 

1,353,214 

1,404,182 

California 

224,354 

223,881 

230,263 

Oklahoma 

159,913 

156,164 

154,759 

Texas 

483,528 

493,209 

507,584 


Active wells in United States at close of 1937, 351,206; 1940, 389,010. 


Deuterium Compounds 

Another type of substitution possible to organic compounds which w^as unknown but a few 
years ago is that of light hydrogen by heavy hydrogen (deuterium). This is effected in some 
compounds with ionizable hydrogen by reaction of the compound with heavy water (D 2 O). 
In other cases D is introduced by the use of heavy hydrogen (D 2 ) or its derivatives, with and 
without the use of catalysts. 

The introduction of D atoms into compounds is very important from the biological stand- 
point. The oxidation of such compounds gives water of higher density than that formed by H 
compounds.* This allows one to trace molecules in the organism and see what becomes of 
them. One can in a sense tag or label the molecules in which such substitution has taken place, 
since their oxidation gives water containing a certain amount of heavy water. A large number 
of organic compounds has already been made in which part or all of the hydrogen has been 
exchanged for deuteriutn. The concept of isomerism must be broadened to include these 
compounds. Those which have biological applications must be examined to see the effect 

* See page 411. 
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produced by the heavy hydrogen. It will be seen that the problems introduced by the dis- 
covery of heavy hydrogen will occupy organic chemists for many years. 

Deuterioethane (C 2 D 6 ) has been made by reaction of C^He with pure D 2 using a nickel 
catalyst and a temperature of 138° for several hours. Methane exchanges H for D when 
heated at 138° or a higher temperature (with nickel catalyst) with D 2 , CD 4, or D 2 O. In this 



Fig. 16 . — Gas absorption plant for recovery of highly volatile light gasoline blending stocks 
from refinery gases. {Courtesy of Standard Oil Company of Indiana.) 


way the compounds CH3D, CH2D2, CIID3, and CD 4 are formed. For the properties of D2 and 
D 2 O see page 411. 


Detection of Saturated Hydrocarbons 

The saturated hydrocarbons are insoluble in water and in cold, con* 
centrated sulfuric acid. When treated with cold, fuming sulfuric acid, there 
is some darkening, but solution does not occur. Cold, fuming nitric acid is 
also without effect. Bromine (carbon tetrachloride solution) reacts slowly, 
liberating hydrogen bromide. A dilute solution of potassium permanganate 
does not change color when shaken with a saturated hydrocarbon. 

Review Outline 

In this chapter we have considered the homologous series known as the 
alkanes. Other homologous series will be taken up in following chapters. 
After studying a chapter as suggested on page 17 it will be of assistance to 
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go over it again rapidly with the help of the following outline. This outline 
covers most of the material in a^ of the early chapters of this book. 

Occurrence of Compounds. Do the compounds studied occur in nature? 
If so, where? How (briefly) are they obtained from their natural source? 

Preparation of Compoimds. What commercial methods are used to 
make the compounds? If possible, show the methods of synthesis by 
means of equations. In writing equations it is necessary to show the condi- 
tions (temperature, pressure, use of catalysts, etc.) used to promote the 
reaction when these are known. What methods are used for small-scale 
laboratory preparation of the compounds? (Equations.) 

Physical Properties. Consider the physical properties (color, odor, 
density, melting points, boiling points) of the compounds of the series under 
consideration. 

Uses. Ikre there general uses for which a number of the compounds are 
adapted? List special uses for individual members of the series. 

Reactions. Group these under the proper heads: oxidation, substitu- 
tion, etc. List special reactions separately. Write equations for each 
type of reaction. 

Nomenclature. Be sure that the system of naming the compounds is 
well understood. Write typical formulas with their names. 

Typical Structure. How can irbe shown that the first or second member 
of the series has the structure represented by the graphic formula? 

Detection. What physical and chemical traits lead to the detection of 
compounds of this series in laboratory work? 

In making a general review the outline given here may be used first for 
each chapter. The separate outlines prepared for the chapters as suggested 
on page 17 should be used next, in order to catch any topics not provided 
for in the simpler scheme. 


REVIEW QUESTIONS 

1 . Write equations for two methods of preparation for propane. 

2. Write graphic formulas for the following compounds: 

(a) 2-Methyl-4-ethyl-hexane. 

(b) 3,S,4-Trimethylhexane. 

(c) 4-Ethyl-6-methyInonane. 

S. Name the following compounds; 

(a) CH 8 CH(C 2 H 5 )CHrCH(C 2 H 6 )CH,. 

(b) CH8 CHCH8 CH2 CH2 C(CH8)2C2H6. 

(c) (CH3)2CHCH(CH8)CH(CH8)2. 

4. Will water extinguish burning hexane? Give reasons for your answer. 

5. Write the graphic formulas of compounds which would be formed by the action of sodium 

upon: (a) Propyl iodide; (b) 2-Iodopropane; (c) 2-Bromobutane. 

6. Write the structures for the isomeric pentanes and name each compound. 

7. What is meant by the terms: (a) Aliphatic compound; (b) Substitution reaction; (c) 

Homologous series; (d) Alkyl radical? 

8. What theoretical interest attaches to the aliphatic hydrocarbons and to methane m a 

discussion of organic chemistry? 
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9. What is the formula of the paraffin whose mol. wt. is: 58? 128? 282? 

10. Account for the fact that three pentanes are known. 

11 . Which of the following formulas might designate members of the paraffin series: C 2 H 7 ; 

C 6 Hi 2 ; CsHr; (' 4 H 9 ; C 10 H 22 ; C 11 H 22 ? Change the subscripts for H so that all will 
represent paraffins. 

12. Write graphic formulas to show that there are four monoehloro derivatives of butane. 

13. In the mixture used to get the “octane number” which compound, heptane or triniethyl- 

pentane is antiknock? 

14. Rock salt is not used as a lubricant, but paraffins arc so used. Make a statement regard- 

ing the attractive forces existing within the.se two types of compounds. 

15. Suppose two bromine atoms to have been substituted in place of any two hydrogen atoms 

of normal butane. Write graphic formulas for all of the possible isomeric compounds 
(molecular formula C 4 HKBr 2 ). 

16. If 10 g. of propane were burned in contact wdth 10 1. of oxygen how' much propane (or 

oxygen) would remain unused? What w'cight of water would be produced? 

17. What chemicals would be used in testing an aliphatic compound (hydrocarbon) to find 

whether it is a member of the paraffin series? Outline the tests and the4esult of each of 
them (assuming that the compound is actually an alkane). 

18. When methane is treated with bromine what by-product results? How could one recog- 

nize the presence of this by-product? 

19. The alkanes are practically odorless compounds, also they arc practically tasteless, (’’an 

you explain these two facts by reference to any of the physical properties of the alkanes? 

20. Which methods of pref)aration given in this chapter apply only to methane? Which 

methods of preparation may be used for any member of the .series of alkanes? 

21. Make a graph on cross-section paper to .show' the relationship of the boiling points of the 

normal alkanes (ordinates) to the number of carbon atoms in the compounds (abscissas). 
On the same paper plot the melting points against the number of carbon atoms. Com- 
pare the contours of the two curves obtained. Can you explain why they are so 
different ? 

22. List the methods used to make gasoline from petroleum and from coal. List methods 

which yield antiknock gasoline. 

23. Describe briefly the refining of petroleum. 

24. Attempts were made to cau.se ?i-hexane to react with the following reagents (at room 

temperature). In which cases did reaction take place? (a) Oxygen; (b) Coned, 
sulfuric acid; (c) Coned, hydrochloric acid; (d) Coned, potassium hydroxide solution; (e) 
Chlorine; (f) Iodine; (g) Potassium permanganate solution; (h) Sodium metal. 

25. If we attempt to make propane through the Wurtz reaction, using .sodium, methyl iodide, 

and ethyl iodide, will any hydroaxrbon .save propane be formed? Why? 

26. The complete combustion of a mole of a certain alkane produced three moles of carbon 

dioxide. How many carbon atoms does the alkane possess? How many moles of 
water were produced in the combustion ? 

(R)27.* Calculate the heat of combustion of each of the following alkanes: methane, propane, 
pentane, octane, decane. Compare the results with the experimental values given in 
this book (see page 69). 
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CHAPTER III 


UNSATURATED HYDROCARBONS 

Ethylene Series 

(Olejitut, Alkenes) 

As we have seen, the hydrocarbons of petroleum are largely alkanes, 
compounds of formula C„H2n+2. An examination of the compounds pro- 
duced in the cracking of these alkanes shows the prestmee of hydrocarbons 
belonging to a different homologous series, of type formula Cnn2n. These 
hydrocarbons differ markedly from the alkanes. Quite a number of them 
had been made and studied long before the refining of petroleum was of 
importance. They form the ethylene or olefin series, the simplest member 
of which is C2H4, ethylene. 

Physical Properties of Ethylene Compounds 

In general, the members of the ethylene group resemble the parafiSns in 
their physical properties. The first three members, ethylene, C2H4, 


Table 4. — Physical (\>nstants of vSo.me Normal Alkenes 


Namefl, 

common 


Ethylene 

Propylene 

n-ButyIcne 

n-Amylenc 

n-Hexylene 

n-Heptylenc 

a-Octylene 

n-Nonyicne 

n-Decylene. 

n-Hendecylene. , . . 

n-Dodecylene 

n-Tridecylene 

n-Tetradecylene. . . 
n-Hexadecylene. . . 
n>Octadec 3 ^ene . . . 


Oificial 

names 

ForuiuloM 

M.p., 

“C. 

B.p.. 

“C. 

Sp. g., 
40V4" 

Ht. of 
comb.. 
Kg. 
cal./ 
mole 

Calcu- 
lated 
No. of 
isomers 

Ethene 

CsIL 

-109.4 

-103.9 

0.570 *03.i> 

337.3 

1 

Propen e 

CIL CHCHj 

-I85.« 

- 47.0 

0.fll0-<7 

491.8 

1 

1-Biitcnc 

CH2=^CHCH2CH, 

-130.0 

- 0.44 

0.645-0 

649.7 

3 

1-Pentene 

CH2=CH(CH2)2CH, 

-138.0 

30.1 

0.641 

806 . 8 

5 

1-Hexciie 

CHa=CH(CH 2 )iCH, 

-141.0 

03.7 

0.67; 

963 . 9 

1 1 

I'Heptene 

CH2=Cn(CH2)4CH, 

-140.0 

94.8 

0.697 

1140.0 

47 

l-Octenc 

i CH2=-CH(CH2)6CH* 

-104.1 

141.0 

0.715 

1477.9 

60 

1-Nonene 

i CHa==CH(CH2)6CHa 


145.0 

0.734 

1434.9 

153 

1-Decene 

CH2=CH(CH2)tCH3 

- 80.0 

174.0 

0.744 

1591.9 

377 

1-Hendecenc 

CH2=CH(CH2)iCHi 


189 

0.763 

1748.9 

914 

l"Dodecenc 

CH2=«CH{CH2).CH, 

- 31.0 

413.0 

0.760 

1905.9 

4,481 

1-Trideccne 

CH2=CH(CHf)ioCH. 

- 13.0 

104*0 

0.767 

4064.9 

5,600 

l-Tetradeo€*ne 

CH»==CH(CH2;iiCH, 

- 14.0 

114’ 

0.774 

4419.9 

14.497 

1-Hexadeeene 

CH2*=CH(CH2)i,CH, 

4.00 

158**0 

0.783 

4533.9 

93,650 

1-Octadecene 

CH2=-CH(CH2)i6CH, 

18.0 

179*0 

0.788 

4847.9 

643,338 


propylene, CsHe, and the butylenes, C4H8, are gases under ordinary condi- 
tions. The next higher members are colorless liquids similar in appearance 
to liquid paraffins, while the compounds with more than 18 carbon atoms in 
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the molecule are solids. They do not have so many representatives in 
nature as have the paraffins; they may however be produced in the destruc- 
tive distillation of complex natural substances. This explains the presence 
of ethylene in coal gas. Table 4 gives the formulas, melting points, boiling 
points, and densities of some representative olefins. 

Chemical Properties of Ethylene Hydrocarbons 

In their chemical properties ethylene and its congeners differ widely 
from compounds of the paraffin series. They are much more reactive and 
they have a wider variety of reactions than do the methane hydrocarbons. 
For example, ethylene reacts with the lialogens. It also enters into com- 
bination with the halogen acids, sulfuric acid, hypochlorous acid. Ethylene 
may be reduced and its oxidation is easily effected. It is obvious that these 
compounds must have a structure quite different from that of the paraffins. 

Struct iTRE of Ethylene 

Ethylene readily enters into reaction with chlorine, bromine, or iodine, to 
form new compounds. With chlorine the reaction is violent, and means 
must be taken to check it (low temperature and absence of light). Bromine 
and iodine react less violently in the order stated. In all of these cases no 
by-product is produced as in the reaction of halogens with methane (page 
fi3), but both atoms of the halogen molecule attach directly to ethylene to 
form a new compound: 

C 2 H 4 + CI 2 — > C 2 H 4 CI 2 Ethylene dichloride 

The other reactions mentioned (with halogen acids, sulfuric acid, etc.) 
consist likewise in addition of the reagent to the ethylene molecule without 
the formation of a by-product: 

C2H4 + III -> C2H5I Ethyl iodide* 

These reactions make it seem likely that in ethylene not all the valence of 
the carbon is being utilized; some is left over, so to speak. The following 
structures are proposed to show this. They represent the three possible 
arrangements of two carbons and four hydrogens, allowing for the tetra- 
valency of the carbon atoms. 

H H H H H H 

HC— CH iic=-(:h HC— C— 

11 HI 

(1) (2) (3) 

The plan shown in (3) is ruled out because if such a compound added chlorine 
both Cl atoms would be attached to one carbon atom. Now the compound 

* Ethylene reacts most readily with hydrogen iodide and least with hydrogen chloride. 
This order of reactivity is opposite to that of the halogens with the methane hydrocarbons, 
where chlorine is most reactive and iodine non-reactive. 



PORTRAITS (wSHLER, LIEBIG) 


5l 


Friedrich Wohler. (1800-1882, Ger- | 
man.*X ^ A worker in the organic and inor- | 
ganic fields. The organic student meets 
him on the first page of the text because j 
of his urea synthesis, and later hears of I 
his work with Liebig on the benzoyl 
radi(tiil. Wohler and Taebig were life-long 
friends, See Aw,. Chrw. 4, 289 (1882), 

J. Ckcm. Son. (Lmj^n), 43, 258 (1883), 

J. Chew.. Educati^m^^ 1537 (1928); also 
this book, pages 3, 269. 



BemAto, 8S» 817 (1800). 



Beriehte, 28. 833 (1800). 


Justus F. von Liebig. (1803-1873, Ger- 
man.) The founder of agricultural chem- 
istry. A pioneer in chemical education, 
a devoted and gifted teacher, whose 
laboratory was for many years the Mecca 
of chemists from all Europe and beyond. 
Ilis joint work with Wbhler on benzoyl 
radical was of great service to the science. 
Like Bunsen, Liebig invented many pieces 
of laboratory apparatus which are still 
in daily use. See »/. Chem. Educaiiony 4 , 
1461 (1927), iHd.y 8, 211, 223 (1931), 13 , 
557 (1936), 16 , 553 (1938), 18 , 221 (1941); 

Chem. Soc. (London), 27 , 1204 (1874), 
28 , 1065 (1875); also this book, page 292. 


52 


TEXTBOOK OP ORGANIC CHEMISTRY 


C 2 H 4 CI 2 indicated in the equation above has been made in other ways, and 
it has been shown that the two chlorine atoms are not attached to the same 
carbon atom. 

The (partial) electronic formulas for (1) and (2) above are as follows: 

H H H H H H 

HC:CH HCiCH or HC::CH 

llA) (2A) (2.4) 

It might seem as if either of these would serve equally well, but such is not 
the case. Formula 1^1 allows each carbon atom only seven electrons, 
while formula 2A in which two pairs of electrons are jointly held between 
carbons, allows a full octet to each carbon. 

Also if we accept formula (1^) for ethylene we could write propylene, ^ 
the next higher member as in (3^). This could add CI 2 to give 1,3-dichloro- 
propane. Another form of propylene could also exist (formula 4/1). This 
would add CI 2 to give 1,2-dichloropropane. 

H H 

IhC—C—Clh H3C— C— CIT2 

. II . . . 

iSA) iU) 

Now when compounds of the ethylene series add new elements or groups 
they always take two at a time and always on adjacent carbons. Thus 
formula SA becomes impossible and 1^1 seems highly improbable. Formula 
%A is the only structure which accords with the behavior of ethylene and 
the other olefins. We will use this kind of formula, then, for compounds 
like ethylene in which only part of the valence of the elements is needed to 
hold the molecule together. Ordinarily the formula will be written as in (2). 

A union like that pictured in (2) is called a double bond. Such a com- 
pound is said to be unsaturated, since all the available valence is not needed 
to hold the molecule intact, i.e., atoms are held to each other by more than 
one valence bond. The other members of the ethylene series have also a 
double bond structure. The reactions which pertain to this grouping are 
thus common to all of the members of this series. 

One is tempted to think of a double bond as “stronger” than a single 
bond. This conception would be false. The fact is that the double 
bond is ruptured by a number of reagents which do not affect single bonds 
in the same molecule. The double bond functions as a point of attack, and 
reactions are initiated which may ultimately split the molecule at this 
point. This reactivity of the double bond may be due to the fact that 
neither pair of electrons of the group of four can occupy the preferred 
position. 
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Preparation of Ethylene Hydrocarbons 

There are a number of methods by means of which ethylene may be 
prepared, the more general of which are as follows: 

(1) Dehydration of ethyl alcohol. This may be accomplished by passing 
the vapor of alcohol over a suitable catalyst (a heated metallic oxide may 
be used) :* 


IH! H "I Heat. 

HC— C— i OH i 

H H ’ Catalyst 


H H 

H 2 O + HC=CH 


or by the use of sulfuric or phosphoric acids which act as dehydrtiting agents. 
When either of these acids is used we have first a reaction of ethyl alcohol 
with the acid to form a compound called an ester, which next breaks down to 
regenerate the acid and yield ethylene. The following equations show how 
these reactions proceed with ethyl alcohol and sulfuric acid: 

C2H5OH + II2SO4 

H 2 O + C2H5OSO3H Ethyl hydrogen sulfate, an ester. 
Heat 

CsHsOSOsH > II2SO4 + C2H4 Ethylene 

It will be noted that the sulfuric acid is regenerated in the second phase of 
this reaction, and may then convert more alcohol into ethylene; this is 
accordingly known as a “continuous process.” In practice, the sulfuric acid 
is somewhat used up in side-reactions, so that one lot of acid cannot convert 
unlimited quantities of alcohol into ethylene. Phosphoric acid more 
nearly fulfills the theoretical stipulations. The student will later find (page 
123), that ether may be produced by this same reaction, under slightly 
different operating conditions. 

Esters of primary alcohols with benzenesulfonic acid (page 439) give 
olefins when heated. There is an advantage in this method over that which 
uses sulfuric acid because no charring takes place. 

(2) The action of an active metal on an ethylene dihalide produces 
ethylene: 

H II H H 

HC~»CH + Zn ZnBr 2 + HC==CH 
Br Br 

Ethylene dibromide Ethylene 

(3) An ethyl halide will yield ethylene if heated with a solution of 
potassium hydroxide in alcohol (alcoholic potash) : 

* See Ipatieff, Catalytic Reactions at High Pressures and Temperatures, Macmillan, 1936, 

D. 62. 
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H H KOHin II H 

HC— CH > KI + H2O + 1 IC=CH 

II I Alcoliol 


In thc^ absence of water the halogen ficid (HI in this examjde) is removed 
from the molecule. WIumi water is j>n\sent, Oil substitutes for the halogen 
atom and an alcohol is j)roduced (page 81 ). 

It will be noteil that in each of these examples we have contrived to 
remove atoms or groups from adjacent carbon atoms Of a chain. The same 
principle may be extended for the formation of higher members of the series. 
The following are examples: 

Preparation of isobutylene and of }>ropylene: 

CII3 

I II Heal. 

HaC— C CII >1I20 + (( H 3 ) 2 C~ CII2 

O 

H 

H II KOH in H 

CHa-C- CII > KI + H2O + CII3— C--CH2 

I H Alciohol Propylene 

2-Iodopropane 

It is noteworthy that methylene, CH2, which apparently should head this 
series, has never been isolated. Reactions which might be expected to yield 
methylene give instead ethylene: 

2CH2I2 + 4 Cu 2CU2I2 + CH2-- CHo 


m 


Acid 


Isobutylene 


The methylene may exist momentarily, l)ut apparently two groups at once 
join to each other to form ethylene. 

In the process of cracking (see page 32 ) we note the production of 
hydrocarbons of the ethylene type from saturated hydrocarbons. It is 
possible to make ethylene from ethane by heating to about 700 ^. One 
might typify the production of ethylene from a long-chain saturated com- 
pound as follows: 


H 

H iH ^ I 

R— CHs— CHj— C— |C— CHs ^ R(CHj)j— CH, + — C— CH, 

H S| 1 

H 


and 



CH2=CH2 


however the reactions which occur are actually very complex. During the 
cracking process various fragments unite to form larger molecules which 
may belong to new series; free carbon and hydrogen also appear. It 
would be quite wrong to picture the cracking operation as a simple change 
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of saturated hydrocarbons to unsaturated compounds and short-chain 
saturated compounds. In this connection, see references, page 73. 

Reactions of Ethylene Hydrocarbons 

The reactions of these compounds are reduction, oxidation, addition, 
and polymerization; with the paraffins reduction is impossible, oxidation 
is difficult, and addition does not occur. Thus the hydrocarbons of these 
two ^oups though alike in their physical aspects may easily be distinguished 
by their chemical differences. 

The following equations show examples of the reactions noted above. 

(1) Reduction, In the presence of hydrogen and a suitable catalyst 
ethane is formed by the reduction of ethylene: 

H II Ni H H 

HC-=CH + Hs > HC— CH 

300 ° H H 
Ethane 

This reaction, known as hydrogenation, is characteristic for olefins. 

(2) Oxidation, Strong oxidizing agents may completely oxidize ethylene 
to carbon dioxide and water. With mild oxidation in water solution, or in a 
solution of a base. Oil” ions are taken up to form ethylene glycol: 

II H H H 

HC=Cn + 2011” nc— cn Ethylene glycol 

OH OH 

3 C 2 II 4 + 2KMn04 + 4 H 2 O 2Mn02 + ^KOH + 3C2H4(OH)2 

This reaction forms the basis of the Baeyer test for the double bond, in 
which a dilute solution of potassium permanganate is used. The reduction 
of the permanganate is shown by fading of the violet color of the solution. 
Certain other groups also reduce permanganate solution, but if these are 
known to be absent the positive test indicates a multiple bond. If this 
oxidation be continued, by the use of a warm concentrated permanganate 
solution, the molecule usually splits at the site of the double bond, forming 
two molecules of organic acids. Examples will be shown later. 

(3) Addition, Many compounds and some elements are added by olefins 
to form new compounds which are saturated: 

H H H H 

HC— CH + Br 2 HC — CH Ethylene bromide. Ethylene dibromide 

Br Br 

Note that here there is no by-product as in the action of a halogen on a 
saturated hydrocarbon. Here we have addition^ with the saturated series 
we have substitution. Further examples of the addition reactions of ethylene 
are seen in the following equations: 
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H H H H 

HC=CH + HI HC— CH Ethyl iodide 

H 1 

H H H II 

HC=CH + IIOCl lie— CH Ethylene chlorohydrin 
OH Cl 

H H II II 

I1C=CH + H2SO4 HC— C— O- SO,>— OH Ethyl hydrogen sulfate 

II II 

When addition occurs between the higher members of the olefin series 
and polar compounds having unlike positive and negative parts, there is the 
possibility of the formation of two different compounds, thus: 

CH,CH==Clh + IIBr CIIsCHBr— CH 3 (1) 

CIl3CH=CH2 + HBr CII3CH2— CIIoBr (2) 

In this particular instance the reaction takes place almost exclusively 
according to (1) in the absence of oxidizing agents, thus following Mark- 
ownikoff’s (Markovnikov’s) rule (1870) which states that in such additions 
the more negative part of the added reagent will attach to the carbon bearing 
the smaller number of hydrogen atoms (or the larger number of alkyl 
groups). 

While Markownikoff’s rule may be applied in a number of cases, it is 
not universally satisfactory. Many instances are known in which additions 
occur in both possible ways, the relative yields of the two addition com- 
pounds varying according to the nature of the groups next the double bond, 
and according to the experimental conditions. 

The most important variable is the presence or absence of oxygen or 
organic peroxide compounds, though strong light also has an effect; tem- 
perature and the nature of the solvent may likewise be important. In the 
presence of peroxides propylene reacts according to equation (2) above.* 

Addition of paraffins. It has recently been discovered that paraffin 
hydrocarbons will add to olefins in the presence of catalysts (sulfuric acid, 
aluminum chloride). An example is the addition of isobutane to the 
butenes in the presence of sulfuric acid to yield octanes. In commercial 
preparation of motor fuel of high octane rating a mixture of butanes and 
butenes is treated with sulfuric acid. The n-butane, which does not react, 
is separated from the products and either isomerized to isobutane (page 43) 
or dehydrogenated to yield butenes. The other components of the original 
butane-butene mixture combine to yield hydrocarbons of the gasoline range. 
The reactions which occur are complex (see References, page 73). 

* Hydrogen iodide reacts according to equation (1) with propylene, whether peroxides are 
included or excluded. 
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(4) Substitution, When propylene is chlorinated at 400-600° substitu- 
tion is the principal reaction : 

CH 3 CH- -CII 2 + ( I 2 ITCl + C 1 CII 2 CH=CH 2 

Allyl chloride (yield 80%+) 

The allyl chloride may be used for the synthesis of glycerol (page 109), 

(5) Polymerization, Compounds of the olefin series (with the exce^ion 
of ethylene)* may undergo a reaction called polymerization, when treated 
with such reagents as sulfuric acid or zinc chloride. Under such conditions 
two or more molecules of an olefin unite with each other to form new com- 
pounds having two or three or more times the molecular weight of the simple 
olefin. The reaction of polymerization is more or less common to unsatu- 
rated compounds (see page 67). It has great importance in connection 
with the making of gasoline (page 42), plastics, and synthetic rubber. 

Single molecules are monomers; when two molecules unite we have a 
dimer; union of three molecules yields a trimer^ union of n molecules a poly- 
mer, The splitting of such compounds to their originals is depolymerization. 

Unsaturated compounds in cracked gasoline may in time form gums 
because of oxidation and polymerization reactions. The formation of such 
gums, which arc detrimental to the use of the fuel is prevented by the use 
/)f inhibitors (phenolic compounds, aromatic amines). See page 513. 

Jteaction with ozone, Ethylenic compounds add ozone at the double bond 
to form compounds called ozonides: 

IT H II H 

R— II' +.03 RC— 0 ~CR' An ozonidef 


An ozonide treated with water splits at the site of the double bond with the 
creation of hydrogen peroxide and two carbonyl compounds: 


II H 

RC— 0 -UR' + H2O 


()- 


-O 


H H 

H 2 O 2 + RC--0 + R'~ C-O 

Aldehyde molecules 


The carbonyl compounds have either aldehyde or ketone structure depend- 
ing upon the presence of hydrogen or alkyl groups at the double bond. In 
the above example aldehydes are produced. The following equation illus- 
trates production of ketones : 

R" R'" 


R" R'" 


R'C ™ O— CR'^ + H2O H2O2 + 

<U-<i 


R' 


\ 

c=o + 

/ 




\ 

C=0 

/ 


Ketone molecules 


In order to polymerize ethylene, a high temperature is required, 
t The exact structure of the ozonides is still in doubt. 



58 


TEXTBOOK OF ORGANIC CHEMISTRY 


When an aldehyde is a product of the hydrolysis, its oxidation by hydrogen 
peroxide is avoided by the use of a reducing agent, such as zinc dust. 

This reaction is of great service for the location of a double bond in a 
chain. Examination of the compounds jiroduced by the scission to deter- 
mine the number of carbon atoms in each is a necessary preliminary. The 
oxidation by permanganate jireviously mentioned is used in like fashion 
to fix structiu’es of unsaturated compounds. 

The olefins react much more readily than the saturated hydrocarbons. 
This may be attributed to a state of “strain’’ in the double bonds (page 
610), which makes rupture of one of these bonds much easier than the break- 
ing of a single bond in a saturated hydrocarbon. In the presence of certain 
reagents the double bond opens readily, allowing absorption of the reagent, 
and producing a derivative of a saturated hydrocarbon. 

Nom enclaturk. Isomerism 

Ethylene and its homologs form a series witli the ty]>e formula C„H 2 n. 
The members are called alkenes^ also olrfiiis; the latter name arises from 
the fact that ethylene was at one time called olefiant gas (because it forms 
an oily liquid when acted upon by chlorine). 

Names of compounds of the olefin series are derived naturally from the 
names of the paraffins of like carbon content, ))y substituting the name 
ending “ene” or “ylcne” for “ane.” 

Thus: 


('2H6, Ethane €2H4, Ethene or Ethylene 

CsHh, Propane OsHe, Propene or Propylene 

C’JIfj, Butene or Butylene 
CfeH 10, Pentene or Arnylene, etc. 


The compounds of this series may likewise be named as derivatives of 
ethylene. 

Thus: 

CHaCH^CHCHs Dimcthylethylenc 

(CIl 3 ) 2 C~CIl 2 unsym Dimethylethylene* 

or the position of the double bond may be indicated by using a number to 
show at which atom the double bond originates. The formula is arranged to 
make this number as small as possible. 

Example : 

H 11 

CIIs— C=-C— CHa 2-Butene or Butene-2 
II H 

CHa— C=C— C— CHa 2-Methyl-2-pentene 

I H 

CHa 

* sym = symmetrical; unsym = unsymmeirical. 



ETHYLENE HYDROCARBONS 


59 


Isomerism of Unsaturated Hydrocarbons. Opportunities for isomerism 
among the unsaturated compounds are greater than for the saturated series, 
since not only the size and disposition of the groups in the compound may 
be altered, but the position of the double bonds is also of prime importance. 
Thus, for (example, there is but one normal butane but there are two normal 
butenes, each having a straight chain and differing only in the position of 
the double bond: 


H H H H 

IIC-C=C— CH ^-Butene 

H H 

H H H II 

HC — C — C=CII 1 -Butene 

.II II 


Another kind of isomerism is possible, due to tlie fael that when two 
carbons arc joined by a double bond a rigid structure results. This can 



Fig. 17. 



best be shown by models (made conveniently from corks), such as are illus- 
trated in diagram in the accompanying figures. When two carbon atoms 
are joined by a single bond (Fig. 17), free rotation is possible around the 
axis common to both carbon atoms. 

When, however, we have two bonds between the carbons (Fig. 18), the 
possibility of free rotation is lost. 

H H n 

Thus for a compound like II C — C=C, there are two forms possible, differing 

H Br 


in their space relationships and not superposable* (Figs. 19 and 20). 

CHsCH CII«CH 

II II 

HCBr BrCH 

These diagrams are slightly <listorted to better show the relationships between the carbon 
atoms. 
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This form of isomerism is termed geometrical isomerism, a form of stereo- 
isomerism. Further examples will be found on later pages. 



CH3 CH3 


Fig. 19. 20. 

Uses of Ethylene Hydrocahhons 

Ethylene has been found to be an effective anesthetic for general anes- 
thesia. Propylene is an even more powerful anesthetic but is not now in 
use. In California, citrus fruits are colored by the use of ethylene. The 
gas is used to hasten the ri])ening of bananas and other fruits, and certain 
derivatives (particularly the chlorohydrin, page 56) have similarly been 
used to shorten the dormancy period of potatoes. In coal gas the luminosity 
of the flame is due in part to the presence of this hydrocarbon. About 
75 commercial chemicals are now made from ethylene; Whitmore (1937) 
listed 11 made from propylene. Other olefins also find their chief use as 
source materials and as components of gasoline. 

Diolefins. Dienes 


{Alkadienes) 

The diolefins are a series of compounds which resemble the olefins in 
their possession of double bond structures, but have two such groupings in 
the molecule as indicated by the group name. The example given below 
illustrates a typical compound of the diolcfin series, and also shows the 
scheme of nomenclature, which is as follows: the suffix “diene” is added to 
the “stem” of the name of the corresponding alkane. Thus we have: 

Butadiene fo'ir carbons 

Hexadiene six carbons 


The position of the double bonds is shown in the same manner as was indi- 
cated for the olefins, i.e., by the use of the numbers of the carbons at which 
the double bonds originate. The numbers are made as small as possible 
by proper choice of the #1 carbon. 

Example: 

H H H H H H 

HC — C==C — C — C— CH 1,4-Hexadiene 


H 


H 2 


5 


4 


1 
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Note remarks on page 60 relative to the preparation of charts. 
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Diolefins are prepared by methods like those which have been shown for 
the olefins. The importance of the diolefins does not merit an extended 
discussion; on the other hand, considerable interest attaches to several 
individual members. One of these is called isoprene: 

H H 

HC=C — C— CH2 Isoprene, 2-MethyI- 1,3-butadiene. 

CHs 

This substances is produced by the destructive distillation of India rubber; 
the latter has also been made from isoprene. In view of the tremendous 
importance of rubber in modern life, and esi)ecially for a nation at war,* 
this synthesis has received much study. It is more practical at present to 
make synthetic rubber from butadiene than from isoprene. Production 
plans as first announced for 1943-4 were to make butadiene as follows 
(expressed in terms of tons of finished synthetic rubber) : 


(a) From alcohol 242,000 

(b) From butane ^ 60,500 

(c) From butylene 283,000 

(d) From cracking of oils 20,000 

(e) From combination of (c) and (d) 93,500 


Butylene glycol was (1942) being made from fermentation of starch. It is 
possible to obtain butadiene in good yield from the glycol, therefore this 
method may later be used on the large scale. In addition there are several 
industrial methods for the production of butadiene from ethyl alcohol. 

The reactions of the diolefins are similar to those of ethylene and its 
homologs. There is, however, an important exception. When double 
bonds are found next to each other as shown in the following formula: 

H H H H 
R~C=C— C=C— II 

4 3 2 1 

absorption often takes place in a peculiar way. When such a compound 
absorbs one molecule of bromine, it can take up the two atoms at positions 
1-2 or 3-4 1 as might be expected from a study of the reactions of ethylene. 
Also it may take the two atoms at 1 and 4, at the same time forming a new 
double bond at 2-3. The compound which results in this case is shown 
below. 

H H H H 
R— C— C=C— C— R 

Br 3 2 Br 

A system having double bonds arranged next to each other like this is 
said to have conjugated double bonds. The manner of its reaction is 

* A tank may use a ton of rubber; there is about half a ton in the landing wheels of a large 
airship; a battleship uses about seventy-five tons. 

t The conjugated system, for convenience, is numbered independently. 
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explained by Thiele as follows. He supposes that not all of the valence 
of the carbon is used to hold atoms together when double bonds are present 
in a compound (page 50). The unused residual valence which he calls 
partial valence^ is represented in the following formula by the dotted lines: 


H H H H 

R — C4^^^C3 — C2^^C 1 — R 

The partial valences of carbons 2 and 3 will tend to satisfy each other, 
thus: 

H H II H 

R~ C4--C3— C2=Ci— R 


therefore only the partial valences of carbons 1 and 4 are free to absorb 
reagents. After absorption at 1 and 4, the j)artial valences of carbons ^ 
and 3 are free, and the ethylene bond is shared by these carbons. 

There are other explanations of the 1-4 addition reactions of conjugated 
double bonds, which will be found in advanced texts. Diolefins are more 
reactive than are monolcfins and they polymerize much more readily. 
This polymerization, which has considerable importance, as already indh 
cated, will be discussed later. 

Acetylene Series 
{Alkynes) 

We have so far studied two systems of hydrocarbons, the methane series, 
composed of substances which arc called saturated, and the ethylene series, 
which, with th6 diolcfins, contain unsaturated compounds. We now come 
to another series of even greater unsaturation than the olefins. Its first 
member, and the only one which we shall study, is Acetylene, C 2 H 2 . 

This substance is formed by the decomposition at red heat of many 
organic substances, or during destructive distillation of com})ounds. Coal 
gas contains about one-tenth per cent of acetylene formed in this way. 

In their physical properties the members of the acetylene series are not 
unlike the hydrocarbons already studied. Acetylene is a gas, which as 
ordinarily prepared has a garlic-like odor due to impurities, but when pure is 
not unpleasant. One volume of water will dissolve about one volume of 
acetylene, while acetone will dissolve %5 times its volume under atmospheric 
pressure, and very much larger amounts when the pressure is increased. 

Chemical Properties of Acetylene 

Acetylene, being a highly unsaturated compound, possesses certain 
phases of reactivity which distinguish it from ethylene, while in some 
respects it behaves in a similar manner. Hydrogen bromide and hydrogen 
iodide are taken up by acetylene, also hydrogen if a catalyst is used. Acety^ 
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Icne does not react so readily with the halogens as does ethylene. No 
action occurs with chlorine in the absence of light, and in diffuse daylight 
the reaction is slow.* Under pressure acetylene is explosive and dangerous. 
The most striking difference between acetylene and ethylene is the ability 
of the former to form salts with various metal ions, such as silver or copper. 
Certain of these salts are highly explosive. 

Structure of Acetylene. Nomenclature 

In accordance with its molecular formula, C 2 ll 2 * acetylene is assigned 
the following structural formula: 

HC-CII 

which contains a triple bond. The reasoning which supports this formula 
is based on the addition reactions of this compound and upon its manner of 
preparation, both of which points will be taken up later. 

The type formula of this series is CnIl 2 n- 2 ; the compounds of the series 
are isomeric with members of the series of diolefins. Many of these com- 
pounds arc known. It will, however, be unnecessary to study them in 
detail. A few examples are listed here in order to show the nomenclature 
in this series. 

CH 3 — C = CH Methylacctylene, Allylene, or Propyne 

C 2 H 6 — C^CH Ethylacetylene or 1-Butyne 

These compounds are named either as derivatives of acetylene or as members 
of the alkyne series (by adding “y^^ ’ stem of the corresponding 

methane hydrocarbon term). The ending is pronounced as “ine” in wine. 

Preparation of Acetylene 

(1) The common method of preparation involves the reaction between 
calcium carbide and water: 

CaC 2 + 2 H 2 O Ca(OH )2 + C 2 H 2 (Wohler, 1862) 

Calcium carbide is made in the electric furnace from lime and coke: 

2000 * 

CaO + 3C > CO + CaC 2 

therefore the above represents a synthesis from the elements. The carbides 
of sodium, potassium, strontium, barium, and of still other metals also give 
acetylene when they are treated with water. Small amounts of acetylene 
may also be formed if an arc is produced between carbon poles in an atmos- 
phere of hydrogen. A better yield is obtained by the cracking of methane, 
diluted with hydrogen, at temperatures over 1000®. 

(2) Acetylene hydrocarbons may, like the olefins, be produced from 
halogen products of the hydrocarbons. 

* See remarks on page 66 on reaction of impure acetylene and chlorine. 
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(a) By action of potassium hydroxide (in alcohol) on a hydrocarbon 
dihalide. The halogen atoms may be on the same carbon ; 

H II KOll in 

Cllr-C— CCl ^211*0 + 2KC1 + CIl3-C = CII 

H Cl Alcoliol Propync 

or on adjoining carbon atoms: 

H H KOH in 

CHa— C— CH > ^20 + 2KBr + ( TT,~(^ -CH 

Br Br Alcohol 

(b) Action of an active metal on a bydrocarl)on tolrahalidc' produces an 
acetylene hydrocarbon : 

II H Zn 

BrC CBr -> 2ZnBr2 + IK^^C IT 
Br Br 


The reactions illustrated above furnish evidence for the presence of a triple 
bond in acetylene hydroearbons, which is strengthened by the following 
synthesis of acetylene from iodoform and silver jxiwder: 


HC~ 


/ 


\ 


i I 
1 1 
1 1 


\ 


-CH + 6Ag 


-vGAgl + IIC-CII 


Reactions of Acetylene 

The reactions of acetylene and its homologs arc oxidation, reduction, 
addition, substitution, and polymerization. In other words these com- 
pounds .share the reactions of the olefins and the alkanes. 

(1) Oxidation. The oxidation of acetylene may yield oxalic acid: 

o o 

Oxid* II II 

HC = CH > HO— C— C— OH Oxalic acid 

HjO 

In this synthesis, mercuric nitrate is used as a catalyst, and nitric acid as 
oxidizing agent. Carbon dioxide is formed by more severe oxidation. 

(2) Reduction. Reduction of acetylene, in presence of hydrogen, leads 
to the production of ethene; finally of ethane: 

Pt catalyst 

HC^CH^ > HaC -CHa 

4H 

* Oxidations will be indicated in this text by the abbreviation “Oxid/^ placed over the sign 
of reaction. Accessory reagents are often placed about the arrow, in order that the reacting 
substances and products may stand out more clearly on the page. The above equation may 
be translated as follows: “Oxalic acid may be produced by oxidation of acetylene in an aqueous 
medium.** Equations of this kind are usually not balanced. 
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( 3 ) The addition reactions of acetylene resemble those already presented 
for ethylene, but since the compound is less saturated, or in other words has 
triple instead of double bonds, it can absorb two atoms for one that ethylene 
would absorb in a given ease. It must not be implied, however, that the 
greater degre(^ of unsaturat.ion makes acetylene more reactive than ethylene; 
actually it reacts with bromine more slowly than does ethylene. 

Impure acetylene reacts violently with chlorine, to form hydrogen 
chloride and carbon; or to give C2H2CI4 if a catalyst is used (Sbf'U). 
The purified gas absorl)s chlorine slowly in diffused light: 

C2II2 + CI2 C2II2CI2 Acetylene dichloride 

C2H2CI2 + C'U C2H2OI4 Acetylene tetrachloride 

Hydrogen bromide reacts as shown in the following equation: 

(a) C2H2 + HBr CHs^CHBr Vinyl bromide* 

(b) CH2=CHBr + HBr CllsCMBr, Ethylidenc bromide 

Step (b) may be reversed in the presence of perf)xides (see discussion, 
page 56 ) : 

CH2-=CHBr + HBr BrCHo— CHsBr Ethylene bromide 

Hydrogen iodide reacts similarly. Vinyl chloride, which is j)reparcd by 
passing acetylene into concentrated hydrochloric acid containing ammonium 
chloride and cuprous chloride, is used in the preparation of plastics (page 
506 ). 

Water is added by acetylene if the gas is treated with mercuric sulfate 
in dilute sulfuric acid solution, thus forming acetaldehyde in excellent yield. 
The oxidation of the latter is a means of preparing acetic acid, which is a 
basic chemical for many important processes. 

C2H2 + 2H2SO4 CH3CH(0S03H)2 

CH3CH(0S03H)2 + H2O 2H2SO4 + CH3CHO Acetaldehyde 

( 4 ) Substitution reactions. If acetylene is treated with an ammoniacal 
solution of cuprous chloride, a chocolate-colored precipitate is obtained, 
having the formula Cu2C2-H20: 

C2H2 + CU2CI2 + 2NH4OH 2NH4CI + H2O + CuC - CCU H2O 

Copper acetylide 

Metal salts of acetylene, such as the above, are called acetylides. The silver 
salt, Ag2C2*H20, may be formed by a reaction similar to that shown above. 
The sodium and potassium salts are made by passing the gas over the heated 
metal. These salts of acetylene are apt to be explosive when dry, especially 
salts of the heavy metals, and accidental explosions of acetylene are often 
laid to the formation of such salts, f 

* The radical CH 2 ==CH — is called vinyl. See list of radicals, page 805. 
t The sodium and potassium salts are not explosive. 
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The reaction pictured above shows that hydrogen which is joined to a car- 
bon bearing a triple bond is replaceable by metals (note that II — C is an 

acid. See page 285). Compounds like the following, H3C — C^C — CII3, 
in which there is no hydrogen atom joined to the triply-bound carbon, do not 
form metal derivatives. We have seen that acetylene is commonly formed 
from one of its salts, calcium carbide, CaCa* by the action of water: 

+ 2 H 2 O Ca(OH )2 + HC-CH 

When we consider calcium carbide (or acetylide) as a salt of acetylene, 
the reaction between water and this salt becomes analogous to that between 
any acid and the salt of a weaker or more volatile acid. The following 
examples will illustrate this point: 

H2SO4 + NaCl NaHS 04 + HCl t 
2HOH + CaCg Ca(OH)2 + C2H2T 

In such cases the weaker, or more volatile acid is displaced by the stronger 
acid. In its possession of salt-forming powers, and in the reaction of calcium 
carbide with water, acetylene behaves like a weak acid. 

(5) Polymerization, When acetylene is heated to a high temperature it 
polymerizes, forming a great variety of compounds with different catalysts 
and different temperatures. It is possible to make benzene in this way in 
good yield, also other aromatic compounds. By a change of conditions 
aliphatic compounds both saturated and unsaturated are formed. 

In the presence of cuprous and ammonium chlorides, acetylene adds 
itself to give vinylacetylenc, CH 2 — CII — C^CH, divinylacetylene, and still 
higher polymers. The first named compound is used to make chloroprene 
for Neoprene rubber (see page 626). 

Deuterium Exchange. Acetylene, treated with heavy water, exchanges 
H for D to form C 2 D 2 . 

Table 5. — Alkynes 


Common name 

Official name and formula 

M.p., 

B.p.. 

"C. 

Sp. g., 

2074 ® 

1 

Ht. of 
comb. 

Acetylene 

Ethyne, HC'^CH 

- 81.0 

-83.6 

0.615-*"’ 

310.0 

Allylene 

Propyne, HC^CCHs 

-102.7 

-23.23 

0.671-“ 

473.0 

Ethylacetylene 

1-Butyne, HCSCC 2 H 6 

-122.5 

8.6 

0.6780 

626.4 

Dimethylacetylene 

2.Butyne, CH 3 C 3 CCH 3 

- 82.2 

27.1 



Propylacetylene 

1-Pentyne, IKJsCCaHr 

- 98.0 

39.7 

0.695 

782.0 

Ethylmethylacetylene . , 

ii-Pentyne, CH 8 C 3 SCC 2 H 6 

-101.0 

55.9 

0.712 


Butylacetylene 

1 -Hexyne, HCSCC 4 H 9 

-132.0 

71.2 

0.715 

940.5 

Amylacetylene 

LHeptyne, HCsCC^Hn 

- 81.0 

99.15 

0.734 

1091.2 

Bulylmethylacetylene . . 

JJ-Heptyne, CHjC-CCJI® 


109 

0.745*5 


Ethylpropylacetylene . . 

S-Heptyne, CaHftC^CCsHy 


106.0 

0. 76510 


Hexylacetylene 

1-Octyne, HCsCC«Hi 3 

- 79.5 

126.17 

0.746 

1243.5 
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Uses of Acetylene 


When acetylene burns in air a very hot flame is produced, and the free 
carbon which is liberated at the same time is heated to high incandescence. 
Accordingly, acetylene finds wide employment as an illuminant in situations 
where gas or electricity is found too expensive; also for special use in buoys 
and lighthouses. The gas may be liquefied at 1° by a pressure of 48 atmos- 
pheres, but the liquid acetylene is very explosive. Explosions also take 
place when the gas itself is stored under pressure, possibly due to the forma- 
tion of metallic salts as already suggesU^d. The present practice is to 
dissolve it under pressure in acetone, which is carried within the gas tank 
on some porous medium. 

Acetylene burned with oxygen in a special type of burner gives an 
intensely hot flame, which is used for welding purposes and for cutting metal. 
The use of acetylene for the production of acetaldehyde and acetic acid 
has already been mentioned. A number of important halogen compounds 
are made from acetylene. Quite recently the preparation of vinylacctylene 
for Neoprene has assumed great importance. Acetylene has been used 
as an anesthetic but it is not as satisfactory as ethylene, and, inhaled in 
larger amounts, it appears to be dangerously toxic. 

Heating Values. The hydrocarbons of the three classes studied so far 
are valuable for the heat produced when they arc burned. Some average 
values for heat j)roduction are: 


Fuel oil 

Natural giis 

Propane (bottled) 

Kerosene 

Anthracite coal. . . 

Coal gas 

(iasolinc 

Wood 


150.000 B.T.U. per gallon 
1,400 B.T.U. per cu. ft. 

21,600 B.T.U. per pound 

135.000 B.T.U. per gallon 

14,000 B.T.U, per pound 

600 B.T.U. per cu. ft. 
124,500 B.T.U. per gallon 

5,000 B.T.U. per pound 


Heat Values for Individual Compounds. A comparison of the heats of combustion of 
alkanes, alkenes, and alkynes shows that the molecular structures of the compounds are directly 
connected with the energy be obtained by combustion. 


Example 

Heat of coml 

(8) 

>ustion 

(3) 

Difference 

(4) 

Ethane 

372.8 Kg. cal. 
337.3 

310.0 

(398) 

(325.6) 

(267.2) 

-20.2 Kg. cal. 
4-11.7 

4-52.8 

Ethylene 

Acetylene 



In the table above, column (2) shows the heat of combustion in kilogram calories per gram- 
molecular weight, while column (3) gives in parentheses the heat obtained by burning an 
equal weight of carbon and hydrogen. In the case of ethane more heat is obtained from the 
free elements; this shows that when these elements combine to form ethane heat is lost in 
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the amount shown in column (4) . Ethylene, however, has a higher beat of combustion than the 
same weight of free cjirbon and hydrogen, which shows that in the formation of the compound 
heat (11.7 Kg. cal. per mole) niiist be added. For the formation of a mole of acetylene 52.8 
Kg. cal. of energy must be added. Ethylene and acetylene are seen to be stored with addi- 
tional energy. In the graphic formula this is signified by the multiple bond, which is always 
taken to represent a seat of potential energy. 

Calculation of Heat of Combustion. The Kharasch method for computing the heats of 
combustion of individual compounds has been developed from a consideration of the number 
of electrons which shift their positions during a ctunplete oxidation. For saturated hydro- 
carbons the heat value in Kg. cal. per gram -molecular weight Ls obtained by counting the 
electrons of all C — C and C — H bonds which are broken in the oxidation, and multiplying the 
sum by 2fi.05. 

Example 1. Methane burns to CO 2 and II 2 O with the breaking of four bonds. Thus 
eight electrons are shifted, and the heat of combustion is 8 X 20.05 = 208.4 Kg. cal. The 
value quoted in the literature is 212.8 Kg. cal. 

Example 2. Ethane. Calculated value, 364.7 Kg. cal. Literature value, 372.8 Kg, cal. 
The values calciilated by this method agree well with those obtained by experimental >vork,* 

Atomic Spacing in Hydrocarbons. Of late years physical iiic‘thods have been perfected 
which have made it possible to determine the distance betwetui atoms in organic compounds. 
The distance between carbon atoms depends upon the nature of the bond. Thus we have: 


Bond Distance 

C -(; 1.54 A - 1.54 X 10-»cm. 

C-C 1.32 

1.20 


The C- — II distance is 1.09 A. If we bear in mind that atomic kernels repel each other, the 
close spacing in acetylene helps to explain its greater store of energy. 

Genetic Relations of Compounds 

Our consideration of the liydrocarbons uj) to this j^oiiit has concerned 
itself with their properties, nomenclature, structures, uses, methods of 
preparation, and reactions. The latter have been presented in such a way 
as to set the different scries apart as much as possible. 

It now becomes desirable to take up the close relations of alkanes, 
alkenes, and alkyncs. One of the most important features in a study of 
organic chemistry is a knowledge of such relations. The organic chemist 
as a transformer of materials must know how to pass from one kind of com- 
pound to another; since all the organic compounds contain nearly the same 
elements, the relationship between scries is very intimate, and brings up con- 
siderations which are not needed in a study of inorganic chemistry. 

A simple method of illustrating at the same time all the important 
reactions of a substance, and also its relations to compounds of other series, 
is shown in the charts of genetic relations of ethylene and acetylene, on 
pages 61, 70. The student is urged to prepare similar charts for other mem- 
bers of these series, say for propylene and propyne, writing the equations 
for the reactions below the chart, f Work of this kind will form an excellent 
* For further data see Gilman, Organic Chemistry^ Wiley, 1943, page 1798. 
t The equations should indicate the conditions, needed to carry out the necessary reactions 
(ordinarily omitted from the charts in this book). 
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review of the material, and will make much lighter the task of learning the 
reactions and relations of compounds.* Other mt^thods of review were 
suggested on pages 17 and 44. 


Number in series 

one 

two 

three. 


four 

five 


Radicals — Monovalent 


Summary ok 
Methane 
(Paraffins) 

(Alkanos) 

^ ’nll2n+2 

Methane, (’ll4 

Ethane, C2llr, 

IVopane, (■sHs 


Butane, CJI],, 
Pcutaius (’cTIi2 

Main react ion is 
substitution. 


H 


OL, Metliyl 
Cillft, Elhyl 
Call?, Propyl 


NoMENCIiATITRE 

Ethylene 

(Olefins) 

(Alkcnes) 

nll2n 

Methylene, CH2" 
(Docs not exist) 
Ethylene, C2TI4 
(Ethene) 
(Propene), ('aHc 
Propylene 

Butene, C4H8 
Pentene, (.'&H10 


Acetylene 

(Alkyiics) 

(..„H2n — 2 

Methyne, CHs 
(Does not exist) 
Acetylene, C2H2 
(Ethyne) 

Propyne, C-aTD 
(Allyleue or Methyl- 
acetylene) 

Butyne, CJIe 
Pentyne, CsHg 


HaC — C — (.'Ha, Isopropyl, etc. 

Type CnllMn+i . Acid “ yl " to stem of name of 
corresponding saturated hydroc4irbon. 


Main reaction is addition, i.e., the compounds 
of these scries tend to become saturated. 

Divalent 

-=C’H2, Methylene 

I I 

H2C— Cn.2, Ethylene 

H 

II3C — C — C'Il2, Propylene, etc. 

I I 

Type Cnllan. Add “ylenc" to stem of name 
of saturated hydrocarbon. All of these 
divalent radicals save methylene exist also 
as compounds of the olefin series. 


Detection of Unsaturated Hydrocarbons, Unsaturated hydrocarbons 
dissolve in cold, concentrated sulfuric acid; this reagent may cause poly- 
merization, which is indicated by carbonization or the separation of resins. 
The behavior of the unsaturated hydrocarbons with bromine and with 
potassium permanganate, and other data will be found on previous pages 
of this chapter and on page 771. 

REVIEW QUESTIONS 

1. Show structural formulas of the compounds formed by the action of bromine upon the 

several butenes. 

2. Name and illustrate the isomeric pentenes. 

8. State the evidence which supports a double-bond structure for ethylene, propylene, etc. 

4 . What chemical reaction shows that the double bond is a “point of attack’* in a carbon 
chain? 


* These charts do not show all of the possibilities; they are offered as models for the work to 
be done by the student. It would be a mistake to memorize the charts to avoid doing the 
work suggested. 
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5. In what sense is the production of ethylene from ethyl alcohol and sulfuric acid a “con* 

tiniious process”? 

6. 3,4-Dibroniohcxanc is treated with zinc; the reaclion-producl is then treated with hydro- 

gen iodide. What is formed? (live name and structural formula of the new compound. 

7. Show the products formed by the action upon propylene of; 

(a) Sulfuric acid, 

(b) ('hloriiic, 

(c) Hypochlorous acid, 

(d) Hydrogen iodide, 

(c) Hydrogen (with catalyst), 

(f) Dilute solution of potassium permanganate. 

8. (a) Show the reaction-produet formc‘d by the addition of bromine to 1,5-heptadicne. 

(h) Show’ what prodin't is formed when on<? mole of bromine adds to ],S-lu‘ptadit‘ne. 

9. Write the type formulas for all types of hydrocarbons studied tii) to this point. 

10. What type of alkyne is able to form a metallic salt ? 

11. Show Iw’o po.ssible structures for 2-pentene and explain the type of isomerism involved. 

12. Do all metallic carbides yield acetylene when treated with water? 

13. What is the chemical relationship between (a) Acetylene and oxalic acid; (b) Acetylene and 

acetic acid? 

14. By what chemical reaction may acetylene be distinguished from ethylene? Write (‘qiia- 

tion for the reaction. 

15. What hydrocarbons wmuld be produced from the following reactions: (a) 2,2-Dibroino- 

propane and alcoholic KOH solution; (b) 1,2-Dibromopropane and alcoholic KOII; (c) 
Diiodomethane and zinc? 

16. What objections arc there to the use of a double bond to show’ unsaturation? 

17. How might one separate a mixture of ethane, ethylene, and acetylene so as to preserve 

the ethane? 

18. A sample of pure hydrocarbon when treated with a solution of bromine in (pikhly 

decolorized it. There w’as no evid(.*nce of HBr. What was signified by this test? 

19. Calculate the heat of combustion of each of the following compounds: n-pentaue, n-hexaiie, 

2-methyl pent ane . 

20. A sub.stance i.s found to contain C and 11 only. It burns with a sooty flame and quickly 

reduces KMn 04 solution. Ammoniac.al cuprous chloride solution is unaffected by it. 
To what series may the compound belong? 

21. How many grams of bromine could be added by 0.25 mole of propylene? 

22. A gram-molecular w’eight of ethylene was put into reaction with bromine. The product 

weighed 100 grams. What per cent yield was obtained? How many grams of zinc 
would be needed to make ethylene from the product? 

23. How might methylacetylene, present as an impurity in a sample of dimethylacetylene, be 

removed? Describe the process and sketch any special apparatus which might be 
required. 

24. A mixture of ethylene and ethane is contaminated with a small amount of acetylene. 

Devise and describe a method for determining quickly the approximate percentage of 
acetylene in this mixture. 

25. What is a “ conjugated diene ” ? State and illustrate the Thiele theory as applied to dienes. 
(R)26.* An olefin was treated with ozone and subsequently with water. Final products from 

this treatment were acetaldehyde and propionaldehyde. What was the original olefin? 
(R)27.* A certain olefin, treated as outlined in question 26(R) gave acetone and acetaldehyde 
as final products. What was the original olefin? 

(R)28.‘'‘ An olefin, oxidized by hot permanganate solution, gave only propanoic acid as a final 
product. What was the original olefin? 


*See footnote, page 46. 
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29. When ethylene is exploded with oxygen it is found that one volume of ethylene requires 
three volumes of t)xygen and yields two volumes of carbon dioxide. Use these facts 
and the equation: 


Cxir. + ti(h + I IIzO 

to prove the molecular formula of ethylene- What law of chemistry underlies this proof? 
SO. A sample of gas is eitlier propane, propene, or propyiie. Describe those tests which would 
identify the compound. 

01. A liquid hydrocarbon is treated with bromine in (X’U solution. How could you tell if a 
reaction had taken place? How could you tell the kind of reaction which had occurred? 

32. A solution weighing 10 g. and containing 2-penlene was treated with bromine. The 

solvent was of a typ<i which does not react with bromiiii^ It was found that 14 g. of 
bromine had reacted with the peiiteiie. What was the percentage of pentcnc in the 
.solution which w^as tested? 

33. Suppose that a sample of bromine-water was shaken for some time with 1 -pt*ntene. What 

would you expect to happen? What indication would there be of a change? 

34. If a spark occurred within a container of pure ethylene would the material explode? 

35. Three corked bottles are given to a student taking a “practical examination.” He is told 

that one contains methane, one air, one ethylene. What is the simplest procedure for 
identifying each substance? 

3(J. A student is given a colorless lifjuid. It is .said to be ( ill er water or some aliphatic hydro- 
carbon. How docs he proceed with the identification.^ 
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CllAPTEK JV 


HALOGEN DERIVATIVES OF HYDROCARBONS 

We have seen that it is easy to treat hydrocarbons in such a way as to 
replace hydrogen atoms by halogen. Compounds formed in this way are 
purely synthetic. None of them are found in nature, yet they are among the 
most useful of the alii)hatic compounds. Before beginning their study it 
will be well to review a few general considerations. It will be remembered 
that the plan of study depcnids upon the fact that all the organic compounds 
may be grouped in homologous series, each of such series containing com- 
pounds more or less alike in chemical properties and differing from each 
other by the increment CII2 or a multiple of this group. 

Any individual aliphatic compound consists of a carbon skeleton, a cer- 
tain number of hydrogen atoms and (unless the compound is a hydrocarbon) 
certain atoms or groups of atoms which have replaced hydrogen. The 
reactions of the compound as a whole are a summation of the reactions of 
the hydrocarbon skeleton and of the foreign atoms. Our study properly 
began with a consideration of different kinds of carbon skeletons, straight, 
branched, saturated, and unsaturated. The simplest compounds formed 
from the hydrocarbons are their halogen derivatives. Tln^se will have the 
types of reaction belonging to the carbon skeleton (already studied in 
previous chapters) and in addition will have new reactions which are 
associated with the halogen. 

A reactive atom or group of atoms replacing a hydrogen in an organic 
compound is known as a functional group or function. When two “func- 
tions,” in this case hydrocarbon and halogen, are associated in a molecule, 
it frequently happens that the mode of reaction of each is altered by the 
presence of the other. Ordinarily, however, such changes are not serious 
and do not interfere with the systematic study of homologous series that 
has been proposed.* 


Types of Halogen Compounds 

Halogen compounds may be grouped according to the number of halogen 
atoms per molecule into mono- and polyhalogen compounds. The mono- 
halogen compounds are commonly called alkyl halides. We use X to 
indicate a halogen atom; thus RX is the symbol for any alkyl halide. 

Monohalogen Derivatives. The monohalogen derivatives of the hydro- 
carbons are conveniently classified as primary, secondary, or tertiary 

* Some chemists do not regard a hydrocarbon chain as a function. 
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according to whether their halogen is attached to primary, secondary, or 
tertiary carbon atoms. For a definition of these terms see the example 
below, also page 32. 

H Secondary carbon 
H( II / 

II II I H H 

HC— C— ( V (^— CII 
H II H H II\ 

Z' \ Primary carbon 

Primary carbon \ Tertiary carbon 
Secondary carlion 

The application f)f tliis nomenclature to the alkyl halides is shown in the 
following illustrations ; 

II H H 

HC' — C — C — I Propyl iodide, or Normal propyl iodide, 1 -lodopropane 

H II II 
H H H 

HC — C — CII Isopropyl iodide. Secondary propyl iodide, 2-Iodopropane 

II I II 

H I H 

HC C “CII Tertiary butyl iodide, 2-Iodo-2-methylpropanc 

H I II ‘ 

HCH 

TI 

The above examples sufFicicnily illustrate tin* naming of simple com- 
pounds; the more complex structures are named in accordance with the rules 
given on page 36. 


Physical Pkopekties 

The alkyl halides of low carbon content have a peculiar, rather sw’ectish 
odor, and a sweet taste. The higher members have a less pronounced odor 
and taste. As a class, they are insoluble in water and in cold, concentrated 
sulfuric acid; soluble in alcohol, ether, and the common organic solvents. 
Gases, liquids, and solids are found in this series.* As will be noted in 
Table 6, the boiling points of these compounds are considerably higher than 
those of the hydrocarbons from which they are derived, due to the great 
increase in molecular weight when a halogen atom is substituted for a 
hydrogen. The compounds are colorless but some, especially iodides, 
become colored on standing because of decomposition. 

The specific gravities of the fluorides and chlorides lie below that of 
water, while the bromides and iodides have specific gravities greater than 1. 
With a given halogen, the specific gravity of the compounds decreases as the 


* That is, at room temperature. 
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length of the hydrocarbon chain increases, while for a given nhmber of 
carbons, the specific gravity rises as we i)ass from fluoride to iodide. 


Table (i. — I'iiysical Constants or Mf)NoHAiiOOEN Compounds 


Name 


(V)minoii 


Methyl fluoride 

Methyl chloride .... 

Methyl bromide 

Methyl iodide 

Ethyl fluoride 

Ethyl chloride 

Ethyl bromide 

Ethyl iodide 

«-Propyl fluoride. . . 

7i-rropyl chloride 

Isopropyl chloride . . 
7i-Propyl bromide . . . 
Isopropyl bromide . . 

?j -Propyl iodide 

Isopropyl iodide 

rj-Butyl chloride 

w-Butyl bromide 

w -Butyl iodide 

n-Amyl fluoride 

fi-Amyl chloride 

n-Amyl bromide 

71- Amyl iodide 

7i-Hexyl chloride 

7i-Hexyl bromide ... 

7i-Hexyl iodide 

7i-Heptyl fluoride 

7i-Heptyl chloride. . . 
Ti-IIeptyl bromide. . . 
7i-Heptyl iodide . . . . , 

w-Octyl fluoride 

7i-Octyl chloride 

7i-Octyl bromide j 

Ti-Octyl iodide 

* Referred to air. 


Official 

M.p.,°(\ 

B.p.. 

Hp- K-, 
20°/4° 

Pluoromethanc 


-78. a 


(ffiloroinethane 

-97 

-24 

0.9201 

Bromomethanc 

- 9.S . 0 

4.5 

1 .732»“ 

Todoincthane 

-04.4 

42.4 

2.279 

Fluoroethane 


-32.0 

1.70* 

(’hloroethane 

- ISO 

12.5 

0.910 

Bromoethane 

-117. S 

38.4 

1 .431 

lodoe thane 

-105 

72.4 

1 .933 

1 -FI uoropropanc 


- 3.0 


1-Chloropropanc? 

— 122.S 

40.4 

0.859 

2-("hloropropan(* 

-117 

30.5 

0.860 

l-Broinopropanc 

-110 

70.8 

1.353 

2-Bromopropa ne 

- 89.0 

60 

1.310 

l-Iodopropane 

- 98.8 

102.5 

1.743 

2-lodopropane 

- 90 

89.5 

1.703 

1-Chlorobutane 

-123.1 

77.9 

0.887 

l-Bromobutanc 

-112.4 

101. C 

1.279 

1-Iodobutane 

-103.5 

129.9 

1.617 

l-Fluoropentane 


62.8 

0.788 

1-Chloropentano 


105.8 

0.878 

1 -Brom open ta ne 


128.7’^’^» 

1.218 

1 -lodopentane 


155.4’^-‘» 

1.510 

1-Chlorohexane 


132.9 

0.876 

l-Broinohexaiie 


156.0 

1.173 

1-Iodohexane 


180.0 

1.439 

1-Fluorohepl ane 

- 73.0 

119.2 

0.804 

l-( ffiloroheptane 


159.5 

O.SSP®" 

1 -Bromohep tane 


178.5 

1 .133»«" 

l-Iodoheptane 


203.8 

1.401 

1 - Fluorocictane 


142.5 

0.804 

l-Chlorooctane 


183 

0.892«" 

l-Bromoi>ctane 


202 

1.11816“ 

1-Iodooctane 

- 45.9 

225.5 

1.33716“ 


Preparation of Monohalogen Derivatives 

We will first consider the methods of preparation of the primary alkyl 
halides. These may be made by: 

(1) Reaction of a saturated hydrocarbon and a free halogen (page 33). 
However, in general, this is not a practical method, because more than one 
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hydrogen atom may be substituted and a mixture of products formed, as 
illustrated in the following equations: 

Clh + C:i2 IICl + CH3CI Methyl chloride 
CH,( \ + CI2 llCl + CH2CI2 Methylene chloride 
CH2(:i2 + CU IICl + CHCU Chloroform 
CHCl, + CI2 HCl + CCI4 Carbon tetrachloride 

Another disadvantage of this method is that the redactions are highly exo- 
thermic and may become explosive. This reaction has received much 
study because of its attractive possibilities and the inherent problems will 
doubtless be solved in due time (see Reference 13, page 92). Methyl 
chloride is being made commercially by this method. Also a mixture 
of monochloropentanes, made by chlorination of pentanes from natural 
gas, is employed for production of amyl alcohols on a large scale. For an 
indirect method of chlorination see Reference 16, i)age 92. 

Bromine acts as shown above, but not so readily as docs chlorine, while 
iodine does not take part in such a reaction with the saturated hydrocarbons. 
Fluorine reacts readily, usually with explosive violence. However it is 
possible to substitute fluorine atom for another halogen by the use of certain 
salts. 

' Example. Preparation of dichlorodifluoromethane (yield > 85%): 

SbCb 

3CC14 + 2SbF3 > 2SbCl3 + SCI 2 CF 2 * 

This compound under the name of Freon is used as a refrigerant. It is 
practically non -toxic and is non-inflammable. * 

(2) A convenient and practical method for alkyl halide preparation 
involves the reaction of a halogen acid with the corresponding alcohol, f 

ZnClz 

C2H5OH + HCl 1120 + C2H5CI Ethyl chloride 

The reaction is reversible; therefore a water-removing substance is employed 
to obtain the maximum yield of alkyl halide (in accordance with the law 
of mass action). Sulfuric acid may be so used when making primary halides, 
but when secondary and tertiary alcohols are employed the acid is apt to 
form olefins (see page 103). In the case of the iodides and bromides the 
yield may be increased by employing a large excess of aqueous HI or HBr. 
Zinc chloride is an effective catalyst for preparation of the chlorides by 
this method; even in the ])resence of water a good yield of halide may 

* The example is a polyhologen comjwund because no monofluoro compound is of impor- 
tance at present. 

t By corresponding akrohol is meant one with the same number of carbon atoms as the 
desired halide, and belonging to the same hydrocarbon series, in other words one with an 
identical carbon skeleton. 
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be obtained. In making methyl chloride or ethyl chloride gaseous HCl 
may be used. 

( 2 a) The necessary halogen acid for this reaction may be prepared within 
the reaction flask as indicated in the following equation : 

C2H5OII + K 13 r + 112804 KHSO4 + H2O + CalleBr Ethyl bromide 

This method is inferior to (2) for the preparation of halides higher than 
C3 (due to lower yield). 

( 3 ) Iodides may be made from alcohols and excess hydriodic acid, 
but more conveniently from alcohols and the phosphorus halide. 

3C2H5OH + IT3 P(0H)3 + 3C2TI5I Ethyl iodide 

Note that a secondary alcohol would yield a secondary alkyl halide in this 
reaction. The phosphorus halide is prepared in the reaction flask by 
adding the correct amount of a mixture of red and yellow phosjihorus to 
the alcohol, then adding tin; iodine. Phosphorus i)entachloride or thionyl 
chloride may also be used to make halides from alcohols. 

( 4 ) Alkyl halides are also formed by addition of a halogen acid to an 
ethylcJiic hydrocarbon: 

C2H4 + HI C2H5I Ethyl iodide 

This method is less convenient for laboratory use than those which start 
with an alcohol. It is well suited to the commercial production of ethyl 
chloride. 

Secondary and Tertiary monohalogen derivatives may be prei)ared by 
the use of methods 2 , 3 , and 4 shown above for the primary halides. (Note 
the exception in 2 .) 8 ])ecial methods also are used; for instance, isopropyl 
iodide may be made in good yield, as shown in the following equation, from 
glycerol and excess of HI: 

H TI n H 11 II 

IlC-C- CAl + 5 HI -> SlhO + 2I2 + RC~C—Cll Isopropyl iodide 
III II I H 

O 0 O 
H H H 

Tertiary Alkyl Halides may be obtained by addition of a halogen acid to 
an unsaturated hydrocarbon;* however method ( 2 ) above is more practical. 

Example: 

CII3 CH3 

I I 

HaC— C=-CIl3 + HI HaC— C— CHs Tertiary butyl iodide 

I 

It is interesting to consider how many different isomeric compounds 
might be formed by the introduction of one halogen atom into a long-chain 

* The halogen atom attaches to the carbon bearing the smaller number of hydrogens (sec 
page 56). 
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hydrocarbon. If we monohalogenatcd all of the isomers of formula C2oH4a 
it would be theoretically possible to produce 5,6^2,109 compounds. Pre- 
sumably only a fraction of this number would be produced in an actual 
experiment of the sort described. 

Reactions of Monohalogen Derivatives 

The reactions of the alkyl halides include reduction and “ double decom- 
position,” together with several special reactions of new types. Examples of 
these different reactions arc illustrated in the equations which follow. 

(1) Reduction in the 'presence of hydrogen ion; a saturated hydrocarbon 
is formed (see page 27) : 

Redn 

CHgCI > HCl + CTI4 Methane 

211 

(2) Reaction with an active mcfaL (a) Wurtz reaction, see page 27. The 
student will note that this is a reduction reaction, the metallic sodium 
acting as a reducing agent: 

2CII3I + 2Na 2NaI + C2HC Ethane 

The mechanism of this reaction will be taken up later. It is far from simple, 
fis illustrated by the fact that the reaction gives other products than the 
“doubled” hydrocarbon. The reaction is unsuited for preparation of 
hydrocarbons with an odd number of carbons. Reaction of a mixture of 
CHJ, C2H6I, and sodium, to make propane, gives also some C2He and 
C4H10. 

(b) Grignard reaction, see page 83. 

(3) Reactions of exchange or "^double decomposition,’* 

(a) Reaction with water or an aqueous solution of a base (hydrolysis). 
By this reaction an alkyl halide is transformed to the corresponding alcohol: 

HOH -> HI 

C2H5I + + C2H0OII Ethyl alcohol 

KOH KI 

The reaction of hydrolysis has very great importance in organic chemistry 
and biochemistry. It has two phases: (I) the rupture of the reacting mole- 
cule and (2) the linking of the H"*" and OH”" ions of water to the fragments: 

AB + HOH AOH + BH 

In many cases the reaction is reversible (see method (2) page 79). The 
action of water or alkali upon secondary and tertiary halides produces olefins; 
primary halides also yield olefins when treated with alcoholic alkali solution. 
In other words mixtures of compounds are formed in these reactions rather 
than single compounds. If hydrolysis is the desired reaction the conditions 
which favor olefin formation must be avoided. 
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(b) Reactions with salts. 


CN -> Kl + CH3CN Formation of a nitrile 
CIl3[l + — OCjlIs — > Nal + CH3()C2H5 Formation of an ether 

“ /> 

CIl3[ r+ N ^— OC-CHa-^Nal+CHa— C— 0 ( H3 Formation of an ester 

CHafl + Ag[ — NO'i Agl + C^H3N()2 Formation of a nitroparaffiii 


The above exam])les of exchange illustrate a iypo of reaction which is quite 
general for the alkyl halides, making them very valuable synthetic agents. 
These reactions will be studied in more detail in later chapters. Not(i 
that ill these exchanges the incoming grou]) takes the same position that 
was occupied by the outgoing group or atom. With very few exceptions 
this is the rule in the exchange reactions of organic compounds. 

The equations shown above are the kind commonly used in texts and 
journals to illustrate the reactions of organic chemistry, and it should be 
understood that they are purely formal. That is, they are not in any sense 
explanatory. They show the important chemicals used and often give the 
conditions necessary for the reactions, but do not show the mechanism of 
the reactions. This material can be handled more profitably at. a later time 
when more facts have been learned. Also these formal equations are not 
taken as guides for laboratory work. Before carrying out any of these 
reactions one would consult directions in a laboratory manual for the 
necessary details.* 

The equations shown here are for the preparation of specific compounds. 
To indicate that a reaction is shared by a number of the compounds of a 
series one uses a general equation such as the following: 

RX + KCN KX + RCN. 


( 4 ) Reaction with a base (in alcohol solution). 

H H KOH in 

HC—CH > H2O + KI + C2H4 Ethylene 

Alcohol 

H I 

We have seen that aqueous alkali will convert an alkyl halide to an alcohol 
by simple exchange of OH~ ion for halogen. When, however, we use an 
alcoholic solution of base, thus diminishing the hy<lroxyl concentration, 
the elements of halogen acid arc withdrawn from the halide, producing an 
ethylene hydrocarbon. 

This loss of halogen acid may be caused by simple heating with or 
without catalysts, or it often occurs while carrying out reaction (2a), 
page 80 , especially with tertiary and secondary halides. In heating a halo- 
* Very often equations of this kind are not completely balanced. 
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gen compound we sometimes note a shift of the halogen, evidently to a more 
stable position. Thus w-propyl bromide becomes isopropyl bromide. We 
may supi)osc that the compound first lost IIBr to form an olefin, which 
again added the llJir in the opposite arrangement: 

A 

CU.ClhClhnr C11,C1I- (II 2 + HBr CHsCHBrf H 3 

(5) Reaction ivith ammonia and amines. Ammonia and amines (these 
arc derivatives of ammonia) add alkyl halides forming ammonium salts 
(see page 803 for equation). 

(6) Reaction with magnesium. When an alkyl halide is brought into 
reaction with metallic magnesium in dry cither, the metal acts as a reducing 
agent and at the same time unites with the organic residue to form a special 
type of substance known in general as an ‘‘organometallic*" compound. 

C 2 lIf,Br + Mg — > CallbMgBr Ethylrnagnesiiim bromide 

(\)mpounds such as the above, made from magnesium and alkyl halides are 
called Grignard reagents after the chemist who discovered their usefulness. 
They take piirt in a large number of exceedingly important chemical trans- 
formations (see ( ■hapter XXIX). 

(7) Reaction with halogen. Di-, tri-, and jiolyhalogen compounds are 
formed. All possible isomers result, the relative amounts depending upon 
the conditions imposed. In general the ease of replacement of hydrogen 
of saturated hydrocarbons is: tertiary > secondary > primary, but at 
high temperature the replacement is purely random. 

Reactivity of Alkyl IIalidpjs 

The reactions wdiich we liave shown in the preceding section indicate the 
wide range of usefulness of alkyl halides in synthetic work. These com- 
pounds do not, however, show equal reactivity in following these transforma- 
tions. In general, it may be said that the iodides are more reactive than 
the bromides, and they in their turn react with greater facility than the 
chlorides. Compounds with short carbon chains are more reactive than 
those with many carbons; thus we find methyl and ethyl iodides are pre- 
ferred “alkylating agents” for laboratory work. In industrial work the 
less expensive chlorides are used. By using pressure vessels (autoclaves) 
it is possible to employ fairly high temperatures and in this way the reac- 
tivity of the chlorides may be enhanced. 

Primary halides are generally more reactive than the isomeric secondary 
and tertiary compounds; however a comparison of reactivity, to be fair, 
should consider each reaction separately. The tertiary compounds do not 
form esters and ethers as illustrated on page 8^; instead olefins are apt 
to be formed. Since iodides are more reactive than chlorides, it is sometimes 
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desirable to change halogens before a reaction. This may be done by the 
use of sodium iodide (and otherwise) : 

lie 1 + Nal NaCl + HI 

POLYHALOGEN DERIVATIVES OF IIyDROGARRONS 

Hydrocarbon derivatives in which more than one halogen atom have 
been introduced form a large and interesting group. They are conveniently 
divided into the following classes: 

(1) Compounds with a single carbon atom. 

(2) Compounds with more than one carbon atom. 


Table 7. — Physical 

Constants of Polyiialooen C 

OMPOONDS, Etc. 


Common name 

Official name 

M.p., ^C. 

B.p., 

Sp. g., 
2074 ° 

Methylene chloride 

1) ichloroinethane 

- 0(i . 7 

40-1 

1.336 

Methylene bromide 

Dibromomethanc 

-r)2.8 

98.5 

2.40826“ 

Methylene iodide 

Diiodomethanc 

+5.2 

180 dec. 

3.325 

Fluoroform 

Trifluoromcthanc 



2 53 

Chloroform 

T richloroinelliano 


01.2 

1 .489 

Bromoform 

T r ibronioniet ha ne 

+8-9 

150.5 

2.890 

Iodoform 

Triiodome thane 

119.0 

sub. 

4 . 10 

Carbon tetrafluoride 

T etrafl uoromethano 

-80.2 

-12.8 


Carbon tetrachloride 

Tclrachloromethanc 

-22.(5 

+76.8 

1 .595 

Carbon tetrabromide 

Tetrabromoracthane 

(a)48.4 

189.5 

3.42 

Carbon telraiodide 

T etraiodornethane 

dec. 

sub. in vac. 

4.32 

Ethylene chloride 

1 ,2-l>ichlorocthanc 

-35.3 

83.7 

1.25817“ 

Ethylene bromide 

1 ,2-r)ibron»octhane 

+ 10.0 

131.5 

2.180 

Ethylene iodide 

1 ,2-Diiodocthane 

81-2 

dec, 

2.132i’‘“ 

Ethylidene chloride 

1 , 1 -Dichlorocihitnc 

-9(5.7 

57.3 

j 1.175 

Ethylidene bromide 

1,1-1) ibromoctl uinc 


108-1 10 

2.055 

Ethylidene iodide 

1 , 1 -Diiodoethane 


178 

2.84«* 

Vinyl chloride 

C’hloroelhylene 


-12 


Vinyl bromide 

Brornoethylenc 

-138 

+15.8 

1 . 5294 “ 

Vinyl iodide 

lodoethylene 


56.0 

2.08®" 

Acetylene dichloride {ris) 

-50.0 

48.4 

1.2501^" 

Acetylene dichloride (trans) 


»«5 

O 

00 

1 

00.3 

1.291i<^" 

Acetylene dibromide (eis) 


-53 

110.2 

2.28517 6' 


The second class is still further divided into subgroups in which : 

(a) Halogen is concentrated upon a single carbon atom. 

Example: 

H 

CHsCBre Ethylidene bromide 

(b) Halogen is joined to separate carbons. 
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Examples : 


H H 
HC— CH 
Br Br 

1,2-Dibronioelhanc 


n II H 

and HC— O-CH 

Br H Br 
1 ,3-Dibrom()propane 


The boiling points and specific gravities of some representative compounds 
of these series are shown in Table 7. 


Compounds with One Carbon Atom 

The more important of these compounds will be briefly considered. 

Methylene iodide, Diiodomethane, CH 2 I 2 . The high molecular weight 
of this compound, caused })y its large percentage of halogen, gives it a 
specific gravity greater tlian that of any liquid save mercury. Accordingly, 
it may be used to separate substances, notably minerals, which have different 
specific gravities. When mixed in varying proportions with benzene, whose 
specific gravity is 0.878, a liquid of any specific gravity lying between these 
two figures (3.325 and 0.878) may be obtained. This serves to separate 
substances whose densities lie on either side of that of the chosen mixture. 
Freshly mined coal maybe cleared of slate and shale in this way. Methylene 
iodide may be prepared by the action of hydriodic acid upon iodoform: 

HCI3 + HI->l2 + CII2I2 

or by reduction of iodoform with sodium arsenite in alkaline solution. 

Methylene chloride is used as a refrigerant in air conditioning equipment. 

Chloroform, HCCI 3 , is made on the large scale by the action of iron and 
dilute acid upon carbon tetrachloride: 

Uedn 

CCI4 > IICl + IlCClg 

m 

It can be made by action of chlorine upon alcohol, and is often made in 
the laboratory from acetone and bleaching powder. Both of these reac- 
tions will receive further consideration. 

Chloroform is a heavy liquid with a peculiar sweet odor and a sweetish 
taste.* It is still used to some extent as an anesthetic, although ether is 
less harmful to the system. Chloroform has, however, the advantage of 
being non-inflammable. It is an excellent ^solvent for fat, and also dissolves 
rubber. Among the reactions of chloroform, we are particularly concerned 
with its decomposition by light and air, as this gives rise to phosgene, COCI 2 , 
along with chlorine and hydrogen chloride (see page 260). The presence 
of these substances is very undesirable if the chloroform is to be employed 
as an anesthetic. Decomposition is largely prevented by keeping chloro- 
form in well-stoppered brown glass bottles, with the addition of about 1% 
of ethyl alcohol. 

* Compounds with several chlorine atoms are generally sweet. Chloroform is 40 times as 
sweet as cane sugar. Bromine and iodine compounds may have a burning, biting taste. 
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Iodoform, HCI3. Iodoform may ho made by treatment of ethyl alcohol 
or acetone with iodine and alkali : 

C2H5OH + 4 I.> + GKOII 5 K 1 + 5 JU) + H( OoK + HCI3 

Iodoform 

A cheaper method involves electrolysis f)f a. solution of alcohol, an iodide, 
and sodium carbonate. Iodoform is a lemon-yellow solid, which crystal- 
lizes from dilute alcohol in six-sided ])lat(*lets. I'he comj>oiind has a 
peculiar and very characteristic odor. Its chief use is for antis('ptic pur- 
poses; in this role it is often displaced in favor of prej)arations in which the 
unpleasant odor is masked or is altogether absent (see i)age 642 ). 

The formation of iodoform may be used as a test for the presence of 
ethyl alcohol, if one is assured of the absence of acetone, aci^taldeliyde, or 
other substances which also yield iodoform iimh'r the same conditions. 



Compounds which contain the group (TI3C — have this ])ower. In their 
absence, a concentration of ethyl alcohol-water of 1-2000 may be detected 
by the iodoform test (Lieben test). 

Carbon tetrachloride, CCI4. This substance is produced by the com- 
plete chlorination of methane as shown on page 79 . Commercially, it is 
made by the action of chlorine upon carbon disulfide in the })rcsence of 
iodine or antimony pentasulfide, which function as carriers,* also from the 
action of carbon disulfide with sulfur monochloride: 

Fe 

CS2 + 2S2CI2 6S + CCI4 

Carbon tetrachloride is a very versatile compound. It is an excellent 
solvent for fats and oils and often used for their extraction. Mixed with 
gasoline it is used by dry cleaners. As “Pyrene'’ it forms an effective fire 
extinguisher. Its vapor is heavier than air, and as it is vaporized over a 
fire it drifts over the flame and extinguishes it by excluding air. Phosgene 
may be formed and carbon tetrachloride itself is toxic; hence good ventila- 
tion should always follow the use of the substance as a fire extinguisher. 
Taken internally it is anti-hookworm. 

Compounds Having More than One Carbon Atom 

Those substances in which the halogen is concentrated about one 

H 

carbon atom include such derivatives as ethylidene chloride, CHaCCU, 

* Other substances used as halogen carriers are metals, as iron, aluminum, etc. It is 
possible that the higher chlorides of these carriers (1(1 s, FeC^'b, SbClr,, etc.) first react with th6 
substance being chlorinated and are thereby changed to the normal chlorides (ICl, Fe(l2, etc.), 
which by action of additional halogen again resume their more active state Other theories 
have also been advanced. 
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Cl 

and 2,2-dichloropropane, CH3 — C — CH3. They have very little interest for 

Cl 

us because but few synthetic uses have been developed. Such compounds 
are formed !)y treating aldehydes and ketones with phosphorus halides 
as illustrated below for the compounds already mentioned: 

CH3CHO + PCI5 POCI3 + CH3CIICI2 
CH3COCH3 + PCI5 POCI3 + CHaCC I2CH3 

When such compounds are subjected to hydrolysis, the original aldehyde 
or ketone is regenerated. 

Cl on 

H/ H/ 

CHa— c + 2H2O mcl + C1I3— c 


Cl OH 

OH* 

H/ H 

CH3— c J H2O + ch3-c:-o 

\ 

OH 

The polyhalogen compounds in which the halogen atoms find their 
places on separate carbons are used in many synthetic operations. 

Ethylene bromide, 1,2-Dibromoethane, C*>H 4 Br 2 , is an example of com- 
pounds of this class. As was shown on page 50, this compound is readily 
formed by the action of bromine upon ethylene. Its reactions resemble 
those of the primary alkyl halides. 

Examples: 

(1) Hydrolysis, Boiling water will slowly convert ethylene bromide to 
ethylene glycol: 

C2H4Br2 + 2 H 2 O mBr + C2H4(OH)2 

When hydrolyzed by a strong base glycol is formed, and also vinyl bromide: 
C 2 H 4 Br 2 + KOI! KBr + H 2 O + CHa^CHBr 

Potassium hydroxide in alcohol solution removes two molecules of HBr 
forming acetylene: 

KOII in 

CgH jBrs > 2KBr + + C 2 H 2 

Alcohol 

(2) Reaction with ammonia and with potassium cyanide. Ethylene 
bromide unites with two molecules of ammonia to form a di-ammonium 
salt: 

* When two hydroxyl groups attach to one carbon as shown here, the compound generally 
loses water and forms the C==0 group. 
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H H 

C2H4Br2 + 2 NH 3 HC CH 

I 1 

BrNHs BrNHg 

The reaction with potassium cyanide is also similar in type to that of a 
primary alkyl halide (page 82) : 

II H 

C 2 H 4 Br 2 + 2 KCN 2 KBr + N( C— CCN 

H H 

Hydrolysis of the di-cyaiiide loads to the dicarboxylic acid, succinic acid 
(page 251). 

Other . reactions of double decomposition take place with ethylene 
bromide in the same manner as iiidicatc<l in the above equations, liowcver 
the compounds obtained have less interest for us. 

Very large amounts of ethylene bromide are needed for use with tetra- 
ethyllead in “Ethyl fluid.” Here its function is to prevent the formation 
of lead oxide upon decomposition of the organic lead compound. Lead 
bromide is formed, which escapes from the engine cylinder without further 
decomposition. Ethylene dichloridc is of value as a fumigant, extracting 
agent, and lacquer solvent. When ethylene dichloride and similar com- 
pounds are treated with inorganic polysulfides, we get rubber-like sub- 
stances (Thiokol resins) suitable for purposes formerly filled by rubber 
(see page 625). Another type of plastic (AXF) is mentioned on page 507. 
By choice of proper conditions one halogen atom of a compound such as 
1,3-dibromopropane may be displaced at a time; hence different functions 
may be attached to the two ends of the chain. 

Unsaturated Halogen Derivatives 

Vinyl bromide, CH 2 “CHBr, whose preparation from ethylene bromide 
is shown on page 87, is an example of an unsaturated halogen compound 
whose halogen atom is joined to a carbon holding a double bond. Such 
compounds do not share the typical reactions of the alkyl halides. When 
vinyl bromide is hydrolyzed, we do not obtain an alcohol (see page 145). 
Reagents which act by double decomposition with primary alkyl halides 
remove HBr from vinyl bromide to give acetylene: 

H 

CH 2 =-CBr - HBr HC = CH 

Vinyl halides polymerize on standing, or more readily when heatea, 
giving resins, which when hot pressed may be molded into useful shapes 
(Koroseal). Vinyl acetate (page 204) is similarly used (see page 506). 
Dichloroethylene, C1CH==CHC1, is obtained by action of chlorine with 
excess acetylene or reduction of acetylene tetrachloride with iron. It is an 
excellent solvent, also it is used as a refrigerant for air conditioning. Tri- 
9 hloroethylene is widely used as a solvent ^nd extracting agent. 



FAMILY RELATIONS OF ETHYL IODIDE 


HALOGEN DERIVATIVES OF HYDROCARBONS 89 





90 


TEXTBOOK OP ORGANIC CHEMISTRY 


AUyl bromide,* or 3-Bromopropene-l, CHo^CHCH 2 Br, illustrates 
in its behavior those unsaturated halogen compounds whose halogen is 
joined to a saturated carbon atom. This compound is prepared by methods 
already shown for j)rimary halides. Li its reactions, it also shows a close 
resemblance, being more reactive on the whole than the corresponding 
saturated compound, ])ropyl bromi<le, CH 3 CH 2 Cn 2 Br (see page 434). 

Uses of Halocjen Compounds 

The majority of the compounds discussed hav(‘ important synthetic 
uses, and many of the compounds, particularly those with several halogens, 
are excellent solvents. Several have been mentioned which are used as 
refrigerants; methyl and ethyl chlorides should be added to this list. If 
liquefied ethyl chloride is s])rayed in a fine stream upon tissue, its rapid 
evaporation chills the tissue sufficiently to produce local anesthesia. This 
treatment is suitable only for minor operations. It should be mentioned 
that the anesthetic properties of the lifjuid and gaseous halogen compounds 
make them dangerous to handle, unless special care is exercised and ventila- 
tion is adequate. The fluorides are said to be less toxic than the other 
halogen compounds. Methyl bromide is employed as a fumigant, especially 
for packaged foods. 


(Ienetk’ Kelatjons 

The chart on page 89 shows the genetic relations of the primary alkyl 
halides; to avoid crowding the page, l.he other halogen compounds have 
been left out. The student will find it to his advantage to prepare a large 
chart which includes all types of halogen derivatives discussed in this 
chapter, with their interrelations and their synthetic uses. 

Detection and Identification of Halogen Compounds. The presence 
of halogen in an organic compound is delected by the Beilstein test, and 
the nature of the halogen is learned by conducting a sodium fusion. The 
ease with which the compound may be hydrolyzed gives some information 
regarding the structure. To learn the identity of the compound in hand 
one uses a scheme of analysis which is terminated by the preparation of 
derivatives of the compound. This is described in Chapter XL, and in the 
references on page 782. 

REVIEW QUESTIONS 

1. Show equations for two methods of preparing propyl iodide. 

2. Give equations for the preparation of (a) 1,2-Dibromopropane; (b) Isopropyl iodide. 

3. What compounds would be formed by the action of sodium upon (a) Methyl iodide? 

(b) Ethyl iodide ? 

4. How may isopropyl alcohol be made from propylene? 

5. Show equations for the formation of the following from ethyl iodide: (a) A nitrile; (b) An 

ether; (c) an ester. 

* The radical CH 2 ~CHCH 2 — is known as allyl (see list, page 805). 
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C. Give practical methods for the preparation of: (a) (-HsCl; (b) C (o) ClIaCHBrCHa; 
(d) (( irOsGCl; (c) Cli,- CTICl. 

7. What compound results from the reaction of ammonia with ethyl chloride? 

S. Show the action of water upon 2,2-dichloropropane. 

9. Write equations showing the action of dilute sodium hydroxide solution upon: (a) 1,1- 
Dibrornopropane; (b) l,2-I)ibroniopropaiie. 

10. What is the action of alcoholic KOII upon the above compounds? 

11. Write the formulas of the alkylenc bromides which would yield dimethylacetylene upon 

treatment with alcoholic KOII. 

12. Write formulas of two primary, two secondary, and two tertiary hexyl chlorides. Name 

the compounds. 

Itl. Write graphic formulas and names for all possible bromine substitution products of ethane. 

14. Supply names for the following formulas, (a) (’HsCllBra; (b) ClUBra; (c) CI 2 C— CHBr; 

(d) CK HaClIClClICb. 

15. What weight of bromine is theoretically required to react with; (a) five grams of ethylene; 

(b) ten grams of propylene? 

16. (’alculate the weight of the prodiH'ts of reactions of 15 (a) and (b). 

17. The reaction of alcoholic KOII with a certain alkyl halide gave propylene as a product. 

What was the alkyl halide used? 

18. A certain hydrocarbon was treated with hydrogen iodidt ; the resulting product was acted 

upon by sudium. A hydrocarbon having a boiling point of --0.5°(’. was produced. 
What was the original hydrocarbon used? 

19. Give equations for the action of propyl iodide ami of isopropyl iodide upon; (a) Potassium 

cyanide; (b) Dilute KOII solution; (c) Ammonia; (d) Sodium; (e) Alcoholic KOH 
.solution. 

20. Complete the following equations, supplying graphic formulas for the organic compounds 

formed thereby. 

(a) Isopropyl bromide + H* (catalyst) — 

(b) 2-Bromobutanc + Na (in cxcc.ss) 

(c) .8-Iodopeiitanc + NaOH (alcohol) — 

(d) 2,5-Dibromopentanc -h Nu('N (in excess) 

21. How may the groups enclosed by parentheses in the following compounds be replaced by 

chlorine atoms? 

(a) Cn 3 *CHo(OH); (b) (c) (Ils-CIKO). 

22. Write equations indicating how to make isopropyl bromide from propyl bromide. 

28. Name the compound at the bottom of page 86 as a derivative of methane. 

24. ('hlorofomi may add to certain other compounds, as Cl and HCX'b. Show what would be 

formed by its addition to tetrachloroethylene. Name the new compound. 

25. An alkyl halide, when poured into water, .sinks. W'hat does this show? What further 

work must be done to identify the compound? 

26. What is the Bcilstein test.?^ For what purpose is it used? 

27. Describe the laboratory tests which prove that an organic compound contains halogen. 

28. In making methyl chloride from methane and chlorine which material should be used in 

excess? Wliy? 

29. What advantage lies in the use of gaseous IKU in making EtCl from EtOH? 

80. The statement is made early in the chapter that in a series of alkyl halides with the same 

halogen atom, the density decrea.ses as the number of carbon atoms increases. Explain 
this phenomenon. 

81. In a certain case an alkyl iodide is hard to prepare by direct means while the chloride may 

easily be made. The chloride, however, reacts very slowly in further experiments. 
How might one solve this difficulty ? 
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S 2 . Do alkyl halides ionize? Describe a laboratory test which would furnish an answer to 
this question. 

33. Mention various reasons why the organic halogen compounds used in industry as solvents 

are chlorides rather than bromides or iodides. 

34. Why are organic iodides often used in the laboratory in preference to the chlorides? 

35. Why is the electrolytic method for preparing HCI 3 cheaper than that illustrated on page 

86 ? 

36. A substance containing C\ 11, and halogen is heavier than water. To what halogen series 

may it belong? 

37. The laboratory instructor has on hand an ample supply of the following chemicals for 

class use: water, Il 2 S() 4 , EtOH, MnO-j, Na(l. What organic halogen compounds can 
he assign for preparation by the class? Write a sequence of equations showing the 
preparation of each compound. 

38. What test would distinguish allyl bromide from propyl bromide? Describe it. 

39. Which would be more likely to polymerize, vinyl chloride or ethyl chloride? Why? 

40. List organic halogen compounds used in medicine and give specific medical uses for each 

one. 

(R)41.* Let \ — ethyl iodide and B — ethyl alcohol, (a) Which of the following reagents: 
[H 2 SO 4 (cold, concentrated), 111, Na, PCI 3 , Nat’N, NaOIl solution] may be used to 
convert A to B? 

(b) Which reagent may be used to c:onvert B to A ? 

(c) Which reagents will react with A, not with B? 

(d) Which reagents will react with B, not with A? 

(e) Which reagents will react with both A and B? 
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CHAPTER V 


ALCOHOLS. THIOALCOHOLS 


Among the numerous naturally-occurring organic compounds which 
arc built up of the elements C, H, and O (see table on page 804), the alcohols 
form the simplest class. In nature their representatives are found both 
free and in the form of compounds (esters), in which their individuality 
may be somewhat masked or altered. From both the physical and chem- 
ical standpoints, alcohols are exceedingly useful compounds. The great 
efficacy of grain and vvood alcohols in varied uses has made these substances 
as familiar to the general public as to the chemist, who would find it impossi- 
ble to carry on his work without their aid. Ethyl alcohol is produced in 
greater volume than any other organic chemical. 

By their mode of formation and their reactions, we find the alcohols to 
be the hydroxy derivatives of the hydrocarbons. One or more hydroxyl 
groups may be present in an alcohol; thus we have monohydroxy alcohols, 
also polyhydroxy compounds. The latter class includes dihydroxy, tri- 
hydroxy alcohols, etc. They will be considered later. 

As said above, alcohols are hydroxy derivatives of the hydrocarbons; 
it is often useful to picture them as alkyl derivatives of water. This con- 
ception is illustrated in the table on page 805 and will be referred to again. 


Structure of Ethyl Alcohol 


Following is a brief review of the method by which the stAictures of 
alcohols have been determined. The molecular formula of ethyl alcohol, 
the best known of the series, determined by the usual methods, is C 2 H 6 O. 
If we give C and H their usual valences of four and one, two graphic formulas 
may be made, (1) and (2): 


H H 
HC— O— CH 
H H 
CD 


H H 

HC— C— OH 
H H 
(D 


Now alcohol reacts with metallic sodium, but when it does so only 1 g. 
of hydrogen gas is liberated from 46 g. of alcohol, no matter how great an 
excess of sodium we use.^ In other words, only one hydrogen of the molecule 
is substituted. This favors formula (£) as has already been explained on 
page 16. 

We can make alcohol from ethyl bromide and potassium hydroxide 
solution, forming potassium bromide as a by-product. Again formula (i) 

93 
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receives support while (1) does not. Also when we treat alcohol with 
PCI5, the compound loses one oxygen and one hydrogen while gaining one Cl : 

C.IU) + PCI. C,Hr,Cl, etc. 

Quite evidently the oxygen and one of the hydrogens are connected and 
formula (2) is again supported. By this time it is apparent that alcohol 
is actually derived from water as suggested above, and this is not merely 
a device for classifying the compound. The following equations represent 
the reactions which bear out this statement: 

HOH + Na + NaOIl 
% 

CzlInBr + NaOH NaBr + ( - 2 II 0 OH 

The structures of organic compounds are determined from examination of 
the reactions of the compounds or of the methods by which they arc made. 

Isomers of 
fornmla 
CiHoO 
/ \ 

Fig. 21. Fig. 22. 

Ordinarily it is necessary to use information from both sources as was done 
here. In the ca.se treated on page 31 it was not convenient to use the 
reactions of the compounds in solving the problem of structure. 

Classification of Alcohols 

The general formula of an alcohol is ROIL The “key atom” is oxygen, 
as halogen is the key atom of the compounds discussed in the previous 
chapter. An alcohol is then a two-functioned compound, the functions 
being (1) hydrocarbon chain* and (2) hydroxyl group. The reactions of 
function (1) have been studied; new material in this chapter concerns the 
behavior of the OH group when joined to R. The radical Rf may be 
alkyb alkylene, or acetylenic in its structure, according to whether we con- 
sider saturated or unsaturated alcohols. Among these series, the saturated 
alcohols are the most important, and they will be taken up first in order. 

Saturated alcohols fall into the three divisions primary ^ secondary^ and 
tertiaryy as the hydroxyl group is attached to a primary, secondary, or 
tertiary carbon, respectively. Examples of these types are the following: 

* See footnote, page 75. ^ 

f The letter R may stand for any radical, but at present we are limited to the alkyl, ethy- 
lenic, and acetylenic types. Names of radicals are often abbreviated, Me for methyl, Et for 
ethyl, Pr for propyl. 
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H H H 

IIC— C — C — on w-Propyl alcohol, 1-Propanol {Primary) 

n 11 H 

All ])riniary ahtohols have i.lic f'roup: - ('II 2 — Oil 
H 

n o II 

1IC> (J- C'll Isoj)ropyl alcohol, 2-Proj)aiiol (Secondary) 
II n II 


\n 

All .secondary alcohols have the group: C — OH 


H 

ITCH 


H 


H 


HC — (’■— -C'H Ti-rliary hulyl alcohol, 2-Methyl-2-propanol {Tertiary) 

H I H 
O 
H 

\ 

Tertiary alcohols have the group: — C — OH 


1^^YSIC’AL PliOPERTIES OF SATURATED AlCOHOLS 

The normal monohydroxy alcohols which have short carbon chains are 
mobile, colorless liquids, miscible in all proportions with water. The 
solubility in water lessens as the series is ascended, and we find at the same 
time an increase in viscosity together with the usual rise in boiling and 
melting points. Amyl alcohol, C&IInOH, is only partly miscible with w^ater, 
and has an oily consistency. Higher members (from C 12 on) are waxy 
colorless solids, resembling the paraffins in appearance. 

Several of the lower members, notably crude butyl and amyl alcohols, 
and ordinary methyl alcohol, have a pronounced and disagreeable odor, 
but in general alcohols are practically odorless. The lower members give 
a burning sensation in the mouth, but are tasteless. An increase in the 
number of OH groups in an aliphatic alcohol causes an increasing sweet 
taste. Note that the glycols and glycerol are sweet and that simple sugars 
have a number of OH groups per molecule. Table 8 shows the melting 
points, boiling points, and densities of members of the series of normal* 
primary alcohols. 

This table shows the regular difference in boiling points between succeed- 
ing members of the series, which, after ethyl alcohol, is about 19°. Another 
fact illustrated by the table is often met in the study of a homologous series, 
i.e., the physical properties of the first member do not fall into line with 
those of the rest of the series. In some instances (as with aldehydes and 
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acids) the chemical properties of the first member are also out of line. In 
ascending the series the difference between boiling points of members 
decreases. If we agree that the rise in boiling point as we ascend the series 
is caused by the increase of 14 points in molecular weiglit due to the CHo 
increment, we will expect to find this effect most pronounced at the beginiiiiig 
of the series. The molecular weight of ethyl alcohol is 46 and the addition 
of CHa increases this by 30%. Later in the series the rise of boiling point 
should not be so great. The molecular weight of nonyl alcohol is 144 of 
which 14 is only 10%. Other series will show this same phenomenon. 


Table 8. — Noumal Primary Alcohols 


Name of radical 

Formula 

M.p., 


0 • 

Tit. of 
comb. 

i 

C-alcii- 
lated 
No. of 
i.somers 
(all 
types) 

Methyl 

CIbOII 

- 97.8 

64.5 

0.792 

170.9 

1 

Ethyl 1 

CsIhOlI 

-lUA) 

78.5 

0.789 

328 

1 

Propyl 

CsHtOH 

-127.0 

97.8 

0 . 804 

480.5 

2 

Butyl 

CJLOH 

- 79.9 

117.0 

0.810 

639 

4 

Amyl 

CeHiiOII 

1 - 78.5 

137.9 

0 8 J 720/20 

794 

8 

Hexyl 

CJIuOH 

- 51.6 

155.8 

0.8202^/20 

950.6 

17 

Ileptyl 

C'zIIifiOll 

! - 34.6 

175.8 

0.824 

1104.9 

39 

Octyl 

CsHnOH 

- 16.3 

1 194.0 

0.827 

1262 

89 

Nonyl 

C:9lIi90H 

- 5.0 

215.0 

0.828 

1420.2 

211 

Decyl 

( loHuiOH 

-f 7.0 

231.0 

0.829 

1576.9 

507 

Hendeoyl 

CnH 2 aOH 

19.0 

131.01'^ 

0.833 


j 1238 

Dodecyl 

C\ 2 H 26011 

24.0 

259.0 

0.831* 


3057 

Tetradecy 1 

( 14 H 29 OH 

38.0 

167. 0'^ 

0.824* 


19,241 

Cetyl 

Ci,iiani 

49.3 

190. 01® 

0.818* 

2540.5 

124,906 

Octadecyl 

CisHarOH 

58.5 

210.51® 

0.812* 


830,219 







*At M.p. 


Preparation of Saturated Alcohols 
H 

Primary Alcohols. Type R — C — OH. A number of methods are known 

H 

by which these compounds may be made, of which the following are perhaps 
of the greatest interest and importance. 

(1) Preparation by treatment of an alkyl halide with water or a base: 


HOH TT^ 

RX + > ^ + ROH 


KOH 


KX 


The amyl alcohols in particular are prepared on a large scale from the 
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chloropentanes by this method. As will be rioted by reference to page 83, 
alkyl iodides react more readily in this manner than do the bromides or the 
chlorides. Primary halides give the best yields of alcohols. Secondary 
and tertiary halides give increasing yields of olefins in the order named. 

(2) The reduction of an aldehyde in the presence of hydrogen produces 
the corresponding alcohol: 


H Kedn 

CHa—C -() > CH3CII2OII 

211 

For reduction of esters to alcohols, sec page 206. 

(3) The addition product of ethylene and sulfuric acid when hydrolyzed 
yields ethyl alcohol : 

H H 11.0 

(a) H2C=Cn2 + II2SO4 HC— CH > H2SO4 + C2H6OH 

H I 

OSO3H 

(A) 

All olefins go through this reaction, but those higher than ethylene give 
secondary or tertiary alcohols.* About 35% of the ethanol of com- 
merce is made in this way. A compound such as (A) above is called 
an ester, and this equation shows one application of a general method of 
making alcohols from esters. The type formula for the ester of an organic 
acid is RCO 2 R', and any such compound upon hydrolysis will yield an 
alcohol : 


(b) RCO 2 R' + IIOH RCO 2 H -h R'OH 

Ester Acid Alcohol 

Many such esters occur in nature; it is at times possible by their hydrolysis 
to secure alcohols which would be difficult of preparation by other means 
(see esters, page 205, also page 736). 

(4) By the use of the Grignard reaction, described on page 572, alcohols 
of all types may be prepared. 

(5) Several alcohols are formed by yeast fermentation of starchy mate- 
rials or sugars. As a source of starch a cereal such as corn or barley may 
be used, or potatoes or beets. The starch is progressively broken down 
due to the action of the enzymes contained in the yeast and malted barley 
which is added (see page 740). The enzyme diastase of the malt converts 
starch to maltose, which by the action of maltase of the yeast reverts to 
a simple sugar called glucose. Yeast also contains zymase, which aids the 
change of glucose to ethyl alcohol and carbon dioxide: 

* It is possible that in many cases the sulfuric acid does not form an ester, but instead 
catalyses the addition of H and OH to the olefin. 
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Zy- 

CeHijOa > 2CO2 + 

Glucose iniise 

At the same time, other alcolu)ls (proj)yl, butyl, amyl, and higher alcohols, 
also glycerol) are formed, together with other substances, such as aldehydes 
and esters. Certain of these substances are probal)ly made not from sugar, 
but from other compounds which occur in the original starch, or are added 
to promote the growth of the yeast. The commercial source of ethyl 
alcohol is molasses from sugar mills, which is treated with yeast as outlined 
above. See flow sheet, page 789. The fermentation process is used to 
make most of the ethyl alcohol of commerce. A continuous fermentation 
process to replace the batch process is a recent invention. (Sec Reference 
5, page 119.) 

When ethyl alcohol is made on the large scale by fermentation the 
carbon dioxide produced is not wasted. This has a ready sale as “Dry Ice’^ 
in solid form, or is distributed in tanks as compressed gas. The alcohol 
in the fermentation mass is dilute (about 10%) and is concentrated by 
fractional distillation. The concentration cannot be raised to 100% 
however, as alcohol and water form an azeotropic mixture in which the 
alcohol percentage is 95.57% by weight. Alcohol of commerce is about 
by volume. 

Absolute'" alcohol may be obtained from the alcohol of commerce by 
chemical means. In the laboratory last traces of water are usually removed 
by the use of calcium oxide or magnesium methoxide, or sodium and ethyl 
phthalate.* (See Pieser, Experiments in Organic Chemistry ^ Heath, 1941, 
page 359.) 

In industry the 95% alcohol is distilled with benzene. A ternary 
mixture of the water, alcohol, and benzene has a boiling point of 64.8°. 
When all water has distilled, the binary mixture of alcohol and benzene 
boils at 68.2° until the benzene has all distilled. One hundred per cent 
alcohol remains. On the small scale (batch method) very little alcohol is 
left in the still, but by using large-scale equipment and continuous distilla- 
tion this is a practical method. 

To prevent its use for drinking, alcohol is denatured; thus the usual 
tax for beverages is avoided. Many different denaturants are used; crude 
methyl alcohol from wood distillation, pyridine, and kerosene are common 
for this purpose. 

Methyl alcohol is prepared commercially to some extent by the destructive 
distillation of wood. A mixture of substances is obtained by this process 

* Calcium chloride cannot be used since it unites with the alcohol to form CaCl2*4 EtOH. 
Other salts unite in a similar way with ethyl alcohol, methyl alcohol, etc. These salts, analo- 
gous to the hydrates formed by water, should be called alcoholates, and the name alkoxides 
should be used for the ROMetal salts. Thb change of name is apparently taking place in 
the literature at the present time. 
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(tar, acetic acid, acetone, methyl alcohol) from which the alcohol may be 
removed. Methyl alcohol may also be formed by the general methods 
which are shown above (save numbers (3a) and (4)). 

It is now being made on a commercial scale in 99.9% purity by a reaction 
between carbon monoxide and hydrogen : 

A 

CO + ^ C1I3O11 

Cat 

The process consists of heating the gases to a temperature of about 450° at a 
])ressure of about 200 atmospheres, in the presence ul* a catalyst (zinc oxide, 
zinc chromite, or zinc oxide and copper).* 

The importance of this method lies in the fact that a mixture of equal 
parts of carbon monoxide and hydrogen is easily made from the action of 
steam upon hot carbon (Water gas). 

A 

C + H2O CO + H2 

The additional hydrogen needed is readily prepared by the electrolysis of 
water. The method is important from quite another standpoint, in that 
variations of temperature, ])ressure, and the nature of the catalyst employed, 
allow the production of a wide range of organic compounds (alcohols, acids, 
dimethyl ether, esters, etc.). Important developments will undoubtedly 
follow as this reaction receives further study. 

n-Butyl alcohol, for which there is a large market, is made by the fermen- 
tation of starch. The process, originally developed to produce acetone 
during the W^ar, actually gives larger yields of butyl alcohol than of acetone. 
By-products, all of which are useful, are hydrogen and carbon dioxide 
(from which methyl alcohol is made), acetone, and ethyl alcohol. Butyl 
alcohol is largely used in the compounding of lacquers. See page 790 for 
flow sheet. 

Secondary Alcohols. Type IIR'CIIOH. These alcohols may be 
prepared by the following methods: 

(1) By the treatment of a secondary alkyl halide wdth water or a base: 
KOH KI 

CH3CHICH3 > — + CH3CIIOHCH3 2-Propanol 

HOH HI 


See comment, page 81. 

(2) By the use of the Grignard reaction (see page 572). 

* About 7,000,000 gallons of synthetic methanol were produced in this country in 1 930. 
About the same amount was produced by distillation of wood. 1939 production (synthetic) 
was 34,146,069 gallons. Methanol prices per gallon were, 1927, $L10; 1939, $0.27. 
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(3) By the reduction of the proper ketone in the presence of hydrogen 
ion: 

Eedn 

CH 3 COCII 3 ^ CH 3 CHOHCH 3 

Acetone 2H Isopropyl alcohol, S-Propanol 

(4) The gases formed in the cracking of petroleum contain notable 
amounts of olefins, which may be removed by the action of sulfuric acid. 
They react with the acid as indicated (for ethylene) on page 97. The 
resulting esters upon hydrolysis yield secondary alcohols. Isopropyl, 
secondary-butyl, -amyl, alcohols are made by this method. 



Fio. 23. — ^T^ower level view of 50,000 gallon fermentation tanks used in production of butyl 
alcohol, acetone, and ethyl alcohol from corn starch. {Commercial Solvents Corporation,) 


Tertiary Alcohols. Type RR'R"COH, are best prepared by means of 
the Grignard reaction as described on page 573. 

This method is general. Specific alcohols may be made more cheaply 
by some other method. Thus tertiary butyl alcohol is made by the hydra- 
tion of isobutylene with intermediate use of sulfuric acid, as shown for ethyl 
alcohol in method (3). 


Reactions of Saturated Alcohols 

All alcohols contain the hydroxyl group, and will therefore have more 
or less similar reactions. That is, the reactions of primary alcohols (or 
secondary) will be more or less similar. On account of the differing struc- 
tures of the carbon skeletons in primary and secondary (tertiary) alcohols, 
we must expect certain differences between the reactions of compounds of 
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the several classes. The reactions may be grouped under the heads sub- 
stitution, oxidation, and dehydration for the saturated alcohols. 

(1) Replacement of hydrogen. The hydrogen of the hydroxyl group of an 
alcohol may be replaced by: 

(a) An active metal. In this way salts called alkoxides are formed. 
Specific salts arc named for the particular alcohol used, as methoxide, 
ethoxide, etc. 

^CHsOII + 2Na-->H2 + ^CHsONa Sodium methoxide. Sodium methylate.* 

In this reaction primary alcohols are much more active than s(?condary, and 
the tertiary alcohols are very sluggish. The salt formed in the reaction 
may be isolated if the metal is added to the pure alcohol. In presence of 
water such salts are hydrolyzed, since water is more highly ionized than are 
these alcohols. 

C 2 H 50 Na + H 2 O ^ NaOII + C2H5OII 


However, if the water is removed, it is quite possible to cause the above 
reaction to proct^ed to the left and to form the alcohol salt in good yitdd. 
Several of the alkoxides are employed in the synthesis of organic comi)ounds 
(see page 123). 

(b) Hydrogen of the hydroxyl group may be replaced by an alkyl 
group in two ways. When an alcohol is treat(‘d with a dehydrating agent, 
it is possible for two molecules of alcohol to lose one molecule of water 
cooperatively : 

(B) __ _ (A) 

C2H6O— |H + HOj — C2H5 H2O + C2H5~~()— C2H5 Diethyl ether 


By this reaction the alkyl group of alcohol (A) is substituted for the hydrogen 
atom of alcohol (B). The same effect is secured when an alkoxide reacts 
with an alkyl halide: 


C 2 H 50 !Na + I — C2H5 


Nal + C2H5— O— C2H5 


By either method, an ether is formed. Both of the above reactions will 
therefore be discussed in the chapter on ethers. 

(c) Replacement by an acid group (organic) by the use of an acid, acid 
anhydride, or acid chloride. Compounds called esters are made in this way. 
These compounds arc more particularly discussed on page 197, and the 
following pages. 

In the reactions in which esters are formed the by-product is water. 
Hydrogen is lost by the alcohol and hydroxyl by the acid. Therefore the 
primary alcohols undergo the reactions most readily and tertiary least 
readily. Tertiary alcohols excel in reactivity where OH group is to be 
substituted and primary where H of the OH group is to be lost. 

* See footnote, page 98. 
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Examples of esterification with inorganic acids are shown in the follow- 
ing equations : 

C2H5OII + 112804 H2O + C2H5OSO2OH Ethyl hydrogen sulfate 
C2H6OH + HNO2 II2O + (^sHsONO Ethyl nitrite 
C2H5OTI + HI H2O + C2H5I Ethyl iodide 

The reaction with hydrogen iodide is seen to produce an alkyl halide, as does 
treatment of the alcohol with phosphorus iodide. 

(2) Replacement of hydroxyl group. The OH group of alcohols may be 
replaced by a halogen atom. This is accomplished by the use of the 
phosphorus halide: 

3C2H5OH + PI3 P(0H)3 + 3C2H5I Ethyl iodide 

(Note that the use of a free halogen would give another product; page 14 G, 
aldehydes.) The same type of rejdacement is brought about by the use 
of a halogen acid (equation, page 79 ). When hydrogen iodide is used 
there is a possibility that the alkyl haliile will be reduced to an alkane 
by an excess of this reagent: 

3 RI + SHI 2V1, + 3 IIH 

The replacement of a hydroxyl group takes place most easily with 
tertiary alcohols, and with decreasing ease with secondary and primary 
alcohols. The ease of exchange with a tertiary alcohol is well illustrated 
by the fact that tertiary butyl chloride may be made in good yield by 
merely shaking tertiary butyl alcohol with concentrated hydrochloric acid 
for a few minutes. 

( 3 ) Oxidation of alcohols. The oxidation of a primary alcohol yields 
the corresponding aldehyde: 

H oxid H I H 

CH3— C— OH > CH3— COjH H2O + CH3— C= 0 * 

H jo Acetaldehyde 

iH 


This oxidation may go farther to produce the corresponding acid (page 140). 
Secondary alcohols on oxidation yield substances called ketones (page 138). 


H 

O Oxid 

CHs— C— CHa ^ 

H 

Isopropyl alcohol 


CHa— C 


-CHs 


i 

1 


/> 

H2O + CH3— C— CHs 


Acetone 


* Compounds in which two OH groups are joined to one carbon atom generally lose water 
as shown in this case. 
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The ketone on further oxidation yields a mixture of acids (page 153). 

Tertiary alcohols break down on oxidation to give in general a mixture of 
acids and ketones, each having fewer carbons than the alcohol. 

Example: 

Oxid 

^2{CAh),C on > CTI3COOH + CH3COCII3 + 3CO2 + 5H2O 

VAh 

Digression. Since ethyl alcohol has two carbons open to attack it might 
be supposed that its oxidation would yield TIOCH 2 CII 2 OH; however we do 
not observe the formation of this compound. Similarly in the oxidation of 
isopropyl alcohol we do not obtain HOCH 2 CIIOHCH 3 . The carbon atom 
of ethyl alcohol which holds the OH group having already been partially 
oxidized is much more vulnerable to further oxidation than the carbon of the 
methyl group. We have here an example of a general rule that “action 
tends to proceed where initialed.” This rule like others has its exceptions 
but is still quite useful in making predictions of possible reactions. At a 
later point an explanation will be attempted (page 172). 

(4) Action of halogens on primary alcohols. Substances such as chloro- 
form, iodoform, chloral, are formed from ethanol. The reactions concerned 
are more pertinent to the aldehydes and will be found in that chapter (page 
146). 

(5) Formation of olefins from alcohols. As was shown on page 53, eth- 
ylene may be formed by the dehydration of ethyl alcohol by sulfuric acid 
or phosphorus pentoxide: 

C2H5OH - H2O C2H4 

Higher alcohols also lose water by such treatment to form compounds of the 
olefin series. The alcohol may be heated alone or with a dehydrating agent 
as suggested. Ease of dehydration is indicated by the temperature needed 
to promote the reaction. Tertiary alcohols are most easily dehydrated 
as would be expected, secondary and primary following in the order given. 

Nomenclature of Alcohols 

Alcohols are commonly named after the hydrocarbon radical associated 
with hydroxyl, as methyl, ethyl, isopropyl, etc. They may also be named 
as derivatives of methyl alcohol, which has the name carftmoZ.* Thus 

C 2 H 5 

\H 

C— OH 

* It is suggested (1037) that this be called methanol. 
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may be called ethylpropylcarbinol, as it represents methyl alcohol (car- 
binol), with ethyl and propyl groups substituted for two of its hydrogens. 
Another method (I.U.C. vsystem) is to add "‘ol” to the name of the saturated 
hydrocarbon group. (The name-ending ol indicates the hydroxyl group.) 
A number is used to show on which carbon the group is found. 

Examples : 

(TlaCI^CHaOHaOII 1-Butanol 
OH 
n I 

CHs— C— C— CTIa 2-Bntenol 

H U 

H II H H H H 

HC— C- C-C—C- CU 2-Mct hyl-4-hcxanol 
H 1 II I II II 

CH3 on 

A new radical is introduced with the alcohols, known in general as the 
alkoxy radical, RO — . Examples are: 

Methoxy CH3O — 

Ethoxy ColUO— 

The following table of butyl and amyl alcohols shows the nomenclature used. 


Table 9. — Bittyt^ and Amyl Alcobolb 


Name 

Formula 

M.p., 

°C. 

B.p., 

Sp. g., 
2074 ° 

Common 

Official 

n-Butyl 

1 -Butanol 

04119011 

- 79.7 

117.0 

0.810 

Isobutyl 

2-Methyl-l -propanol 


-108.0 

107.3 

0.802 

«(?c-Biityl 

2-Butanol 



99.5 

0.808 

/<?r<-Butyl 

2-Methyl-2-propanol 


4- 25.5 

82.9 

0.786 

n-Amyl 

1-Pentanol 

Ctiiiion 

- 78.5 

137.9 

O. 8 I 720/20 

Isoamyl 

S-Methyl-1 -butanol 


-117.2 

132.0 

0.812 

Active amyl 

2-Mcthyl-l-butanol 


I 

128.0 

0.816 

««(?- Amyl 

2-Pentanol 



119.5 

0.809*^^® 

Diethylcarbinol 

3-Pcntanol 



115.6 

O. 8 I 52 ® 

tert-Amyl 

2- Me thy 1 -2-butanol 


— 11.8 

101.8 

0.809 

<eW-Butylcarbinol 

2,2-I)im ethyl-l-propanol 


+ 53.0 

114.0 

0.819 

Methylisopropylcarbinol 

3-Methyl-2-butanol 


114.0 

0.8191* 


Inspection of this table will show the effect of structure upon boiling 
point. The normal compound in the series has the highest boiling point 
and that one with the most branched structure the lowest boiling point 
(also the greatest water solubility and the least density). The same rule 
holds, with a few exceptions in some instances, for other series of organic 
compounds (see page 38). 
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August W. von Hofmann. (1818-1892, 
(Jermaij.) llofiiiunn was an outstanding' 
teacher and writer. He was led to the 
study of chemistry by the influence of 
Liebig’s leaching. Hofmann worked prin- 
cipally with the amines, triphenylmcthane 
dyes, isonitriles, mustard oils. See Am. 
Chem.. J., 14, 829 (1892), J. Chevi. Sor. 
(London), 69, 575 (1890); also this book, 
pages 305, 682. 



BerichU^l, (1918). 


Adolph W. H. Kolbe. (1818-1884, 
derm an.) A prolific worker in organic 
synthesis. He is credited with; synthesis 
of acetic acid, of acids from alcohols with 
one less carbon, electrolysis of organic 
acids to yield hydrocarbons, synthesis of 
salicylic acid and recognition of its anti- 
septic value. Kolbe was the author of 
influential texts in both organic and in- 
organic chemistry. See J, Chem. Soc. 
(I.»ondon), 47 , S23 (1885); also this book, 
pages 165, 500. 
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Uses of Alcohols. Physiological Data 

The alcohols are exceedingly useful compounds, not alone to the chemist, 
but to the manufacturer and the general public as well. Methyl alcohol 
is widely used as a solvent for gums, shellac, varnishes; as a raw material for 
synthesis, especially for the production of formaldehyde; as a methylating 
agent (to introduce the methyl group into compounds); as a denaturant for 
ethyl alcohol; as an antifreeze for automobile cooling systems; as a solvent. 
Ethyl alcohol is used in the preparation of tinctures, etc., for medicinal 
purposes, paint removers, cleaning solutions, metal lacquers, and in manifold 
other applications of this kind. Ethyl alcohol burns with a clean hot flame, 
and may be used as a source of heat; likewise as a source of power in internal 
combustion engines. It is used in large quantities for making antifreeze 
solutions for automobile radiators. x\bout 1J^7,000,000 gallons of denatured 
alcohol were used in this country in 1940. Present rate of production is 
about 500,000,000 gallons yearly; about half of the output is devoted 
to the synthesis of butadiene (1943). 

Sponged on the skin alcohol has a beneficial effect, and in 70% concen- 
tration is a good germicide. Taken internally in small doses it gives effects 
which have caused it to be called a stimulant, though it may not actually 
be'one. It may be used both in the role of food and of stimulant in medical 
treatment. With large doses there is a drop in blood pressure, a decided 
narcotic action, followed by a paralysis which may end in death. The 
tribromo derivative, Br 3 CCH 20 II (Av^ertin), has been used somewhat 
as a general anesthetic (by rectal injection). 

Methyl alcohol is a dangerous compound taken either externally or 
internally. Ingestion of as little as 10 cc. may cause blindness. One should 
be very careful not to breathe the vapor during distillations, crystallizations, 
and other use. 

Alcohols higher than ethyl rise in toxicity with increased length of carbon 
chain. Isopropyl alcohol is used in place of ethyl alcohol in some of its 
roles as the former cannot be used as a beverage. It is a raw material for 
the synthesis of acetone and a denaturant for ethanol. Higher alcohols are 
largely used as solvents and to make their esters which may also function 
as solvents. Octyl alcohol and several higher in the series are used in 
perfumes. Lauryl alcohol and other alcohols made from fats are used 
to make modern detergents (page 220). 

Synthetic uses of the alcohols will appear at frequent intervals in this 
book, as they are very serviceable to the chemist in the construction of a 
great variety of useful organic compounds. 

Polyhydroxy Alcohols 

Numerous alcohols are known containing from two to six or more 
hydroxyl groups, some of which occur in nature (several hexahydroxy 
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alcohols are found in the sap of certain trees) ; others have been synthesized 
in the laboratory. In our study of the polyhydroxy alcohols, we shall 
confine our notice to glycol and glycerol, examples of the classes of di- and 
trihydroxy alcohols, whose behavior is tyi)ical of that of other compounds 
of these groups. 

The compound Il 2 C(OH )2 which would be expected to form the first 
member of the series of dihydroxy alcohols, does not exist. As was noted 
on page 102, a union of two OH groups with one carl)OTi is unstable and 
tends to lose water: 


on 


\ 

/ 

OH 



\ 

HjO + C -O 

/ 


Thus, the dihydroxy alcohols will have at least two carbon atoms. The 
simplest representative is Glycol, 02114(011)2. 

Glycol. The name glycol is applied to alcohols having two OH groups 
and also to the first member of this series (sometimes known as ethylene 
glycol).* As indicated by the name (Greek, yXuKoo-, sweet) the compound 
has a sweetish taste. It is a colorless liquid, quite soluble in water, useful 
as a solvent, t for antifreeze solution (Prestone), as a preservative, and as a 
cooling liquid for acToplane motors. The dinitrate is an explosive used in 
conjunction with nitroglycerin. Ethylene glycol is rcjported to be as toxic 
as methanol when taken internally. 

Glycol may be prejiared by method (1) shown for the primary alcohols, 
that is, by the hydrolysis of a hydrocarbon dihalide: 

H H Na.C 03 H H 

HC— CII > 2NaBr + gNaHCOs + HC— CH Glycol 

Br Br II2O O O 

H H 


The compound may also be formed by the mild oxirlation of ethylene in 
water solution as was pointed out on page 55. 

Oxid 

C 2 H 4 > C2H4(0H)2 

H2O 


Commercially this oxidation is effected by causing an addition reaction to 
take place between ethylene and hypochlorous acid : 

* Latest suggested name for the compound is 1 ,2-ethanediol. 

t The ethers of glycol are also excellent solvents, finding extensive use in the lacquer indus- 
try. See also page 128. 
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H H H H 

HC=CH + HOCl HC CH Ethylene chlorohydrin 

OH Cl 

The resulting ethylene chlorohydrin is next hydrolyzed to yield glycol: 

II H n.o H H 


HC CH > HC CH, etc. 

1 I NallCOa 1 | 

OH Cl OH OH 


The chlorohydrin may also be changed to ethylene oxide (page 112) which 
is next hydrolyzed to glycol in a separate operation. 

Glycerol, Glycerin, 1,2,3-PropanetrioL Glycerol resembles glycol in 
appearance, being a colorless syrupy liquid. Like glycol and other poly- 
hydroxy alcohols, glycerol hrs a sweet taste. The properties of glycerol 
are such as to give it a wide usefulness in the arts. It is miscible with 
water and with alcohol in all proportions, and is an excellent solvent. 
Because of its softening action upon the skin, and general solvent powers, 
it wins a place in the preparation of cosmetics. Glycerol is very hygro- 
scopic, and thus is used in preserving tobacco to keej) it from drying out, 
and as an ingredient, of inks for use on stamp pads. It is employed as a 
sweetening agent for beverages, also it finds application in many perfumes 
and medicines (it is non-toxic). See also, nitroglycerin, page 200, plastics, 
page 534. 

Glycerol is obtained commercially by the hydrolysis of fats. These are 
esters of palmitic, stearic, and other acids with glycerol. The hydrolysis of 
such esters yields glycerol and salts of the fatty acids of the esters, called 
soaps (see page 218). Glycerol may also be made from trichloropropane : 

H H H H.0 H H H 

HC— C— CH > 3K( 1 + 3 KIICO 3 + HC C CH 

1 I I K,CO. I 1 I 

Cl Cl Cl OH OH OH 

This reaction has practical importance and it helps to prove the structure 
of glycerol. The trichloropropane is made by reaction of chlorine with 
allyl chloride, which in its turn is easily made from propylene (page 57), a 
cheap starting material. For further discussion, see Ind, Eng. Chem. (News 
Edition)^ 16, 326, 632 (1938), Chem. and Met. Eng.y 47, 834 (1940). Glyc- 
erol may be made in 25 % yield by the fermentation of glucose. 

Diethylene glycol, HOCH 2 CH 2 OCH 2 CH 2 OH, is a “mixed compound,” 
both an ether and an alcohol. It is soluble in water and in the majority 
of organic solvents (but not in benzene, or carbon tetrachloride). It is 
hygroscopic (see glycerol) and an excellent solvent for gums and resins. 
By nitration, it forms a useful and powerful explosive. Certain of its 
derivatives have even better solvent powers than the glycol. Its synthesis 
will be given in the next chapter. 
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Reactions of Polyiiydroxy Alcohols 

These are the same as have already been shown for the y)rimary, second- 
ary, and tertiary monohydroxy alcohols (any or all of which types may be 
found within a polyhydroxy al(‘ohol). On account of the fact lliat either 
one or more than one of the OH groups may take ])art in a givxni reaction, 
mixed derivatives are often obtained. The equations below bring this out, 
using ethylene glycol, a di-primary alcohol, as an example. 


(1) Action with sodium ' 

H II II2 H II 

HC CH + Na -> — + IK — — ( H 

11 211 

OH OH OH ONa 

H H A Hi H H 

HC CH + Na ^ - + H(’ ( IT 

II 2 I 1 

ONa OH ONa ONa 


Formation of monosodinm salt 


Formation of disodium salt. 
This reaction is sluggish and 
requires application of heat. 


(i) In reactions with acids one or more OH groups may be affected, giving 
rise to esters like the following; 


H2C— OH 

I 


.0 


HiC— O— C— CH, 

Glycol nionoacetate 


n„(-()— c— CH, 

i 

IIiC— O— C- CH, 

Glycol diacctatc 


(3) On oxidation, a number of intermediate compounds may be formed, 
depending upon the amount of oxidation borne by each of the carbon atoms. 
The possibilities in the case of glycol are shown below. All of the sub- 
stances indicated here are known; however some of them are better made in 
other ways. 

H H Oxid H H H H H 
HC— CH » C— CH C— C C— C -> C- C 

II II I II I! !' I I I 

00 00 000000 [ 

H H Glycolic H Glyoxal/^(»ly-H H II 

aldehyde [ II / oxylic Oxalic acid 

C— CH / acid CO 2 + H 2 O 

0^1 i 

^00 

H H 

Glycolic acid 


The likeness between the reactions of polyhydroxy alcohols and those 
of the monohydroxy alcohols already studied is further seen in the following 
examples applied to glycerol. 
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(4) Reaction with inorganic acids (see esters, page 199) : 

1I2C— OH n,(v-ci 

I I 

TIC- OH + HCl lIoO + lie OH Glycerol monochlorohydrin 

ihcon H2C~oii 

IIsC -OH H 2 CV (1 


HC OH + ‘^HCl + HO- oil Glycerol l,3.dichlorobydrin 

HoG OH H 2 C -~( 1 


IhC Oll H2C-ONO2 

I II2SO4 I 

H(^ OH + 3HNO3 >31120 + HC-ONO2 

1 1 

H2C— on H2C— ONO2 


Glycerol trinitrate 
(Nitroglycerin) 


Special Reactions of Glycerol. ( 1 ) In making formic acid from oxalic 
acid, glycerol may be used as a catalyst. The equations are shown on 
page 175. 

( 2 ) Upon dehydration with KHSO 4 , glycerol loses water to form an 
unsaturated aldehyde called acrolein. Equations for the reaction are 
on. page 158. 

Sorbitol and Mannitol^ CH 20 H(CHOII) 4 CH 20 H, are hexahydroxy 
alcohols which, with dulcitol, are found in nature. Dulcitol is quite sweet, 
the others less so. They may be prepared by reduction of the corresponding 


Table 10. -Di- and Polyhydroxyalc’Oholh 


Common name 

Official name 

! M.p., 

B.p.. 

“C. 

Sp. g., 

ieo°/4° 

Ht. of 
comb. 

Glycol 

1,2-Ethancdiol 

- 1.5.6 

197.5 

1.113^9“ 

281.9 

1,2- Propylene glycol 

1,2- Propanediol 


189.0 

1.038 

431 

Trimeihylene glycol 

1 ,4-Dihydroxybut.anc, Tctra- 

1 ,3-Propanediol 


214 dec. 

1.060 


methylene glycol 

1,4-Butanedicl 

-1- 16.0 

230.0 

1.020 


1 .5- Dihydroxypcntanc, Penta- 

m ethylene glycol 

1.6- l>ihydroxyhcxanc, Ilexa- 

1,5-PcntanedicI 


239.4 

0.994 


methylenc glycol 

1,6-Hexanediol 

42.0 

2.50.0 



(jdyccrol 

1 ,2,3-Propanctriol 

17.9 

290.0 

1.260 

397 

1 ,2,3-TrihydroxvbiU anc 

1,2,3-Butanetriol 


17227 

1.232 


F>ythritol 

1 ,2,3,4-Butancte( raol 

126 

331 

1.451 

504.1 

Dulcitol 

1 -6 -Hexanehexaol 

18S 

2953 

1.466^^ 

729.1 

D-Mannilol 


166.1 

2953 

1.489 

727.6 

D-Sorbitol 


110.0 





hexoses. Mannitol and sorbitol have now become available in large 
amounts (Atlas Powder Co.), and are recommended for chemical synthesis. 
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Their nitrates arc explosive. Their production involves the electrolytic 
reduction of glucose. 

Ethylene oxide. The hydrolysis of ethylene chlorohydrin with mild 
alkali to form glycol was shown on page 109 . When a strong base is used 
ethylene oxid(‘ is produced: 

II2C ( H2 + NaOir NaCl + HoO + CH2— CII2 

II \ / 

OH Cl O 

At tlie same time a certain amount of dioxane is formed. These compounds 
will be discussed in the next chapter. 

Unsat uhated Ah( oik )Ls 

These are hydroxy compounds whose hydrocrarbon chain belongs either 
to the ethylene or tlie acetylene series. 

Examples : 

Olefin alcohol, 

H 

CH.>- C CH^OII Allyl alcohol, S-IVpen-l-ol* 

Acetylene alcohol, 

HC^C — CII2OII Propargyl alcohol, J 2 -Propyn-l-ol 

Such compounds may be formed in some instances by general method ( 1 ) 
given for the primary saturated alcohols: 

H H 

CH2--C— Cllal + H2O HI + CH2=-(> 

Special methods of preparation are often necessary for their synthesis (see 
page 250 ). In their reactions they behaves like alcohols and like unsatu- 
rated hydrocarbons (sec note below). A few type reactions are added to 
illustrate this point. 

(a) Addition of halogen: 

H H 

CH2=C— CH2OH -f- Bra CH2— C— CH2OH 

I I 

Br Br 

(b) Reduction: 

H Redn 

CH2--C— CH2— OH > CHs— CHa— CH2— OH Propyl alcohol 

2H 

* Vinyl alcohol, the lowest member of the olefin alcohol series, has not been isolated in the 
alcohol form. See page 145. 
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Examples (a) and (b) are reactions common to the olefins. Example 
(c), below, is a reaction of the OH group, common to the alcohols. 

(c) Esterifimiion: 

II 

CH2-=C— CII2— on + Cllr-C— on II^O + CIIs— C— o-cn^ Allyl 

I acc- 

HC tate 

II 

Clli 

(d) Oxidation. By a choice of conditions oxidation may be confined 
to the double bond or the i)rimary alcohol. Oxidation of allyl alcohol 
by dilute potassium permanganate yields glycerol. If the double bond is 
protected by the temporary addition of bromine, acrolein and acrylic 
acid may be made. 

The following has been said bc^fore, but may well be repeated for empha- 
sis: when the reactions of a certain group (like the ethylene or acetylene 
structure, or OH attached to a hydrocarbon radical) have been learned, 
the information may be put to use to predict the behavior of a new com- 
pound in which such groups occur. Thus, in the present instance, one 
could foretell the reactions shown for allyl alcohol, after a study of ethylene 
and ethyl alcohol, and their reactions. This is true because the reactions 
of groups in organic compounds tend to be additive; each group preserves 
its individual reactions, though the presence of other groups in a molecule 
at times causes slight alterations. 

Tiiioalcohols (Tiuols) 

For many organic oxygen compounds we find analogous sulfur deriva- 
tives in which sulfur atom takes the place of oxygen. These are frequently 
called thio-compounds (thio alcohols, thio ethers, thio aldehydes). The 
sulfur compounds which correspond to the alcohols are commonly called 
mercaptaiis, the name arising from the fact that they easily form mercury 
salts. They are for the most part colorless liquids with a very disagreeable 
garlic-like odor. 

Thioalcohols are prepared by the following general methods : 

(1) From a metal salt of an alkylsulfuric acid and sodium hydrogen 
sulfide : 

ROSOgNa NaSH Na 2 S 04 + RSH 

(2) From an alkyl halide and potassium hydrogen sulfide; 

C 2 H 6 I + KSH KI + C^HbSH Ethanethiol, Ethyl mercaptan. 

This equation should be compared with the corresponding equation for the 
preparation of an alcohol, page 96. 
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(3) From an alcohol and hydrogen sulfide: 

A 

ROH + H2S ► H2O + RSH 

ThOz 

Reactions of Thio alcohols 

(1) Formation of salts . . . called mercaptides in general: 

2C2H5SH + HgO H2O + (C2HBS)2lIg 

The thioalcohols form salts with the heavy metals as well as with the alkali 
metals and differ in this way from the alcohols. The heavy metal salts arc 
but slightly soluble in water. 



Fig, 24. — Pilot plant for production of glycerol from propylene. {Courtesy of Shell Develop- 
ment Comj}any.) 


(2) Formation of esters. The formation of ethyl thioacetate is an 
example : 

C2H6SII + CH3C— Cl HCl + CH3~ C— S— CaTTfi 

(3) Formation of thio ethers or sulfides. These compounds are further 
discussed on page 130: 

Heat, 

^CsHiiSH > H2S + (C6 Hii) 2S Amyl sulfide. Amyl thiopentane 


Catalyst 
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(4) Oxidation, Thioalcohols are easily oxidized to dithio compounds 
(disulfides) : 


Oxid 

£RSTI > H2O + RS - SR 

The reverse reaction of reduction is also easily carried out. In the case of 
glutathione (page 781) this reversible oxidation-reduction reaction is of 
great importance. . Vigorous oxidation gives a sulfonic acid: 

()xi<l 

CJInSII C 2 Ht,S() 3 H Ethanesiilfonic acid 

Certain types of petroleums contain organic sulfur compounds including 
thioalcohols. By the use of sodium plumhite solution (doctor solution) 
these are changed to disulfides which are less objectionable. The powerful 
odor of the lower thioalcohols makes them useful as warning agents in mines 
and in commercial gas lines. A small amount of a thioalcohol is mixed with 
the gas at a distributing station; if a hak develops the fact is quickly known. 
It has been found that 0.01 pound of ethanethiol is sufficient for one million 
cubic feet of natural gas. 

Electronic Structure of Alcohols 

The formula ROII used for an alcohol suggests that of an inorganic 
base such as sodium hydroxide, and equations for certain of the reactions of 
alcohols seem to furnish a further analogy between these two classes of 
hydroxy compounds. 

Example: 

NaOH + HBr H 2 O + NaBr 
MeOH + HBr H 2 O + McBr 

The apparent analogy disappears when we experiment with these compounds 
in the laboratory. The neutralization of an acid by a base is an extremely 
rapid reaction, while the reaction of an alcohol with the acid is quite slow. 
The solution of base conducts the electric current, but alcohols give solu- 
tions which are practically non-conducting; therefore, in the reactions pic- 
tured above, the alkyl halide and sodium halide cannot be formed by the 
same mechanism. 

A comparison of sodium bromide and methyl bromide shows that their 
electronic structures must also be dissimilar. Sodium has one electron 
in its outer shell (one too many), while bromine has seven (one too few). 
If now these atoms approach each other and an electron is transferred from 
sodium to bromine, each atom may satisfy its needs and become a stable ion : 
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Electron . . + 77 

Na ^Br:— >Na + :lir: 

Ira nsfer 

The sodium ion has a iiosiiive charge* while the bromine is negative (see 
page 14). 

In methyl bromide the methyl grout) has seven electrons and if it gave 
an electron to bromine would retain only six. The bromine would be 
stable but the resulting methyl group would be unstable. Since the two 
compounds sodium bromide and methyl bromide arc different in so many 
ways, we are convinced that such an electron transfer does not occur, but 
that the two atoms share a pair of electrons, as is customary in non-polar 
compounds (see page 14). 


H 


H 

II :C- 

+ Br: — ^ 

H:C :Br: 

ii 


ii 

Methyl group. 

Bromine, 

Methyl bromide, 

7 electrons 

7 electrons 

complete octet for 
C, also for Br 


The methyl bromide is, however, not absolutely non-polar. When we 
write the formula we place the sharerl electrons somewhat closer to the 
bromine than to the carbon; this because the bromine shows a negative 
rather than a positive tendency. Thus when we treat the compound with 
water, reaction (1) below occurs and not (2): 

+ - 


MeBr + IIOH 

-4 MeOII + IIBr 

(1) 


— h 


MeBr + UOH 

Mell + HOBr 

(2) 


The alcohols too, though they do not ionize freely, either as acids or 
bases, are not absolutely non-polar compounds. The actual distance of 
the shared electrons from the carbon in a carbon-oxygen bond probably 
varies considerably in the different compounds we have considered in this 
chapter, and in this way we may explain why some alcohols lose hydrogen 
more easily than others (primary), while others tend to lose hydroxyl in 
reactions (tertiary). 

Certain hydrocarbon groups must be more electronegative than others 
(hold their bonding electrons more tightly). In the tertiary alcohols several 
groups are clustered about the carbon holding the oxygen, and evidently the 
bonding electrons in the C — O bond are farther from carbon than in an 
isomeric alcohol having a more linear structure. The experimental work 
which is suggested by these remarks is in progress at this writing, and 
promises to replace the empirical rules of reaction now in use with much more 
exact predictions, so soon as the electronegativities are known for more of 
the groups commonly in use. 
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Heats of Combustion of Alcohols 

A method (the Khurasch method) has been given for computing the heat of combustion 
of a saturated hydrocarbon by counting the number of electrons which are shifted when the 
(" — H and C- -C- unions ciiange to the C — O unions of carbon dioxide, and multiplying by the 
heat value per mole electron (page 09). 

In the alcohols we follow the same scheme for the and C — 11 bonds. In the case of 

the O bond we have assumed that the bonrling electrons arc already shifted somewhat 
toward the oxygen. They therefore suffer a smaller onward shift during the oxidation and 
give a smaller heat value than electrons in C • • C and C — II bonds. For primary alcohols 
the two electrons of the C — O bond give 13 Kg. cal. per mole during the oxidation; for second- 
ary alcohols the heat value is 0.5 Kg. cal., and for tertiary alcohols the value is 8.5 Kg. cal. 

If the total number of electrons for all C — C and — H bonds is N, the heat of combustion 
of a primary alcohol is: 

II — N X 20.05 -1-18 Kg. cal. per mole 
and for a secondary alcohol is: 

N X 20.05 4- 6.5 Kg. cal. per mole. 

Values calculated wdth these formulas agree excellently with the results of experiment and so 
the original assumptions made above relative to the varying polarity of the alcohols gain in 
probability. 


* Examples 

1 Calculated , 

1 Recorded 

McOH 

169.8 

170.9 

EtOH 

825 . 6 

327.6 

?.yoPrOH 

475.4 

474.8 

/<?riBuOH 

628.9 

629.3 


REVIEW QUESTIONS 

1. Write equations for the reactions of ethyl alcohol which show^ the pre.sencc of a hydroxyl 

group. 

2. Describe a te.st by means of which a solid alcohol could be distinguished from a solid 

paraffin. 

3. Write equations showing the products w’hich result from the oxidation of propyl alcohol; 

of isopropyl alcohol. 

4. Show by equations, the reactions between propyl alcohol and: (a) Sodium; (b) Sulfuric 

acid; (c) Hydrogen iodide. 

5. What would be formed by the action of the following reagents upon allyl alcohol: (a) 

Chlorine; (b) Hydrogen bromide; (c) Dilute potassium permanganate solution? 

6. Wliat weight of iodine would be absorbed (added) by 5.8 g. of allyl alcohol? 

7. Give equation j for two reactions of thioalcohols which are not common to the oxygen 

alcohols. 

8. Write structural formulas for the isomeric hexyl alcohols. Name each compound, and 

state whether it is a primary, secondary, or tertiary alcohol. 

9. What tests could be used to distinguish the following alcohols from each other: (a) 

CH = C— CIIaOH and CHa^^CH CHsOH? (b) OHj^OH CHaOH and CHa CHa - 
CHjOH? 

10. How could allyl alcohol be made from: (a) Allyl bromide? (b) 3-Bromopropanol-l ? 
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11. What reactions are used to differentiate between primary, secondary, and tertiary alcohols? 

12. Prepare a chart or table, showing the sources of methyl, ethyl, propyl, and butyl alcohols. 

13. Show by a series of equations how to transform propyl alcohol Lo; 

(^a) Isopropyl iodide; (b) w-Ilexaiie; (c) Propylene. 

14. Give a series of facts or arguments supporting the structure of propyl alcohol givc*n in this 

text. 

15. Synthesize ethylene glycol, using ethyl alcohol as a sources material, i.e., all organic com- 

pounds intermediate in the synthesis must be made from ethyl alcohol. 

If). Point out ill the glycerol molecule the primary and secondary alcohol groups. Write the 
formula for a polyalcohol which c?om bines primary and tertiary alcohol groups. 

17. Write graphic formulas for the eight amyl alcohols. Name each compound according to 

the I.U.G. system and write the graphic formula of the first oxidation product of each 
primary and secondary alcohol of the group. 

18. What physical properties distinguish glyc^ols and polyaleohols from monohydroxy com- 

pounds ? 

19. Make a table showing the melting points, boiling points, and densities, respectively, of 

propane, 7i-propyl alcohol, 1 ,2-dihydroxypropane, and glycerol. Discuss the tbange in 
properties produced by increase in number of OH groups. 

20. Review briefly the methods w'hich have .so far b(*en given for the production of fuel for 

automotive machinery. 

21. What is the type formula of the monohydroxy saturated alcohols? Of the monohydroxy 

olefin compounds? 

22. Examples were given of the addition of alcohols to inorganic salts to form somewhat 

stable addition compounds. Give three examples of compounds in which water plays 
a similar role. 

23. If ethyl alcohol is used to produce ethylene, how' many liters of ethylene (measured at 

25°C. and 730 mm. Hg pressure) could be obtained from 10 moles of alcohol, if th(‘ yield 
in the reaction is to be 80 %? How much if the yield is 100% and w^e use 10 liters of 
alcohol of 92% strength (density 0.813)? 

24. Wliy is it reasonable that lower monohydroxy alcohols are w^ater-soluble, while those wdth 

long chains are not so, but are on the other hand soluble in saturated hydrocarbons? 

25. An alcohol of formula (^sHsO gives on oxidation the compound (^IIgO, then CsHb02. 

What type alcohol is it? Another of formula CgHsO gives upon oxidation GsHgO, then 
CO 2 and H 2 O and C 2 II 4 O 2 . What type is it? 

26. If you know^ the boiling point of ethyl alcohol, how can you calculale the approximate 

boiling point of rt-buiyl alcohol? Make the calculation, then chetik with the table. 

27. Show by a series of equations how to change ?t-butyl alcohol to: (1) 7j.-Ociane; (2) sec- 

Butyl alcohol; (3) 1 -Butene. 

28. IIow could you “predict’' that oxidation of 2-hydroxybutane would give butanone-2 and 

not 2,3-dihydroxybutane? 

29. Name two chemical reactions of mc^thyl alcohol different from those of sodium hydroxide. 

30. Write equations, using graphic formulas, to .show the production of tertiary butyl alcohol 

from isobutene, H2SO4, etc. 

31. It has been shown that alcohols can lose H or OH to form water and at the same time yield 

new organic compounds. What types of organic compounds are made in this way P 

32. Consider the three alcohols repre.sented by lhe.se formulas: (a) CH 3 CH 2 CH 2 CH 2 OH; 

(b) CHsCIIOHCHgCH,; (c) (CH3)3C01I. Which of these alcohols would be dehydrated 
most easily ? Which w^ould react most readily with : (a) Concentrated HCl ; (b) "Sodium ? 

33. Calculate the heat of combustion of n-hexyl alcohol; of glycerol; of ethylene glycol. 

34. Plot a curve on cross-section paper to show the relationship between the boiling points of 

normal primary alcohols and the number of carbon atoms in their molecules. On the 
same paper make a similar curve for the melting points of these compounds vs. the 
number of carbon atoms. Compare the contours of the two curves obtained. 
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35. Describe briefly those laboratory tests which you would apply to show that a liquid 

unknown is an alcohol. 

36. Give specific uses for those alcohols which are employed by the physician. 

37. What relative weights of methyl alcohol, ethyl alcohol, and ethylene glycol are required 

to produce the same lowering of the freezing point when added to a given amount of 
water.^ 

(R)38.* A liquid (A) on analysis gives the following figures: combustion of 0.20 g. of the com- 
pound yields 0.4757 g. of r02 and 0.2432 g. of II2O. Its vapor density (II2 == 1) is 37. 
Its oxidation yields a monocarboxylic acid, volatile in steam, whose silver salt contains 
54.81 % silver. What is the structure of (A)? Write the graphic formulas of com- 
pounds isomeric with (A) and state w^hat behavior each of these would show when 
oxidized. 

39. How many cc. of concentrated IK'l solution would be needed to react wdth all of the salt 
foimed by the action of an excess of sodium upon 25 g. of w-propyl alcohol.^ 

(11)40. t A compound (A) containing <’, II, and O was subjected to quantitative analysis. A 
sample weighing 0.1950 g. gave 0.4290 g. ('O2 and 0.2340 g. ILO. The compound was 
neutral to lilmus paper and was unaffected by Fchling solution. Oxidation by one- 
third mole equivalent of Kif V2O7 (112804) gave a compound which reduced ammoniacal 
AgNOa solution. When 10 g. of (A) was treated with sodium, 1867 cc. of hydrogen 
(N.T.P.) was liberated. What is the probable formula of (A)? 
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CHAPTER VI 


ETHERS. THIO ETHERS 

Ethers arc comi)ouiKls of the C, II, O group with the type formula 
R — O — R'. Reference to the chart on page 805 will show that as the 
alcohols may be thought of as alkyl derivatives of water, so the ethers are 
the dialkyl derivati\'es of water, analogous in their structure to oxides of the 
metals. The alkyl groups of an ether may be alike {simple ether) or differ- 
ent {mixed ether). 

The aliphatic ethers do not exist in nature, but at least one representa- 
tive, ethyl ether, has been known since 1540, when according to historical 
report, this compound was discovered by Valerius Cordus (see table in 
appendix). The table below gives the constants of several representative 
ethers, and illustrates at the same time the system of nomenclature used for 
them. It will be noted that the boiling points of the first three simple 
others lie considerably below those of the alcohols from which they are made. 

Ethers are isomeric wiLli alcohols, methyl ether with ethyl alcohol, etc. 
It will be seen that others have lower boiling points than their isomeric 
alcohols. 

The most familiar member of the group is ethyl ether, which compound 
is usually in mind when the term “ether” is employed. Ether is a colorless 
mobile liquid with a not unpleasant characterisLic odor. It is nearly 
immiscible with water,* but soluble in the characteristic organic solvents. 

Ether is very flammable, burning with a clear yellow flame. With air, 
ether vapor forms a highly explosive mixture; all laboratory experiments 
with the compound should for this reason be carried on with caution. 
Introduced as an anesthetic by Morton in 1846, ether now finds its chief 
usefulness in this role. The chemist uses ether as a solvent and extracting 
agent. It readily dissolves fats, resins, oils, and alkaloids, as well as some 
inorganic substances such as bromine, iodine, and various salts. As ether 
is but slightly miscible with water, it may be shaken with the latter to 
remove an oily substance suspended or dissolved in it. The oil will collect 
in the ether layer above the water, and may thus be isolated ui>on separation 
of the upper layer, and subsequent evaporation of the ether. Such a 
process is termed an extraction. Ether is less soluble in a saturated solution 
of sodium chloride than in water. Therefore, salt may be used in extrac- 
tions to save ether. This action is termed “salting-out.” 

* At 30®C. ether is soluble in water in the proportion of 1 to 19 by weight, and water is 
soluble in ether in the proportion of 1 to 73. 
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Table 11. — Physical Constants of Ethers, Etc. 


Name 


Common 

Meth^'l ether 

Methyl ethyl ether 

Ethyl ether 

Methyl propyl ether 

Methyl-M-butyl ether 

Ethyl propyl ether 

Propyl ether 

Isopropyl ether 

Ethyl butyl ether 

Propyl butyl el her 

Butyl ether 

Ethyl hexyl ether 

Ethylene oxide 

Propylene oxide 

CeUosolve 


Methyl cellosolve. 
Butyl cellosolve. . . 


Official 


Methoxymethaiie 

Methoxyethane 

Ethoxyclhane 

Methoxypropane 

Methoxy-a-butane 

Ethoxypropane 

Propoxypropane 


Carbitol 

Dielhylenc glycol. 


Dioxane 

Diclilorodiethyl ether. . . 


Vin^^l ether 

Diethyl sulfide. 
Allyl sulfide. . . 
Mustard gas . . . 


Ethoxybutane 
Propo xy b utane 
Butoxy butane 
Ethoxyhexane 
Epoxyethane 
1,2-Epoxypropaiie 
Glycol monoelhyl 
ether 

Glycol monomethyl 
ether 

Glycol monobutyl 
ether 


bis (2-hydroxy- 
elhyl) ether 
1,4-Dioxanc 
bis (2-chloroet hy 1 ) 
ether 


Formula, 


((*113)20 

(IlaOCoTG 

C2U5(K'2lG 

(’II 3 OC 3 H 7 

CTIaCK JI9 

('2HGOC3II7 

CaHyOCallT 


M.p., 

°C. 


- piK.r, 


V2lhOi\Uo 

C31I70C4119 

(^4lIoOC-4ll 9 
(’ 21150 (^ 1 1 13 

page 127 
page 127 
page 128 


Etliylthioethanc 


bis (2-chloroethyl) 
sulfide 


page 128 
page 128 

page 128 
page 129 

page 180 
page 130 
page 131 
page 132 


-110.3 


<- 79 
-122 
- 00 


-111.3 

35 


99.5 

83 


B.p., 


23 7 
-h 10. S 
34.5 
39 
71 
02 
91 

OS . 7 

91 .4 
117.1 

140 . 9 

137.0 
13.5’'»7i 
33 

135.1 

125.0 
170 0 

201 . 9 
244.8 

101.1 
178 

39 

92 

138.6 


Sp. g., 
2074 ^^ 


001 

097 

7082*' 

738 
744 

739 
747 
725^i 
75252 
777 
769^“ 

887’“ 

859‘“ 

931?;! 


0.900?! 


0.902?! 




1.213?; 


0.837 

0.8882c*^ 


Several other ethers, notably isopropyl ether, arc used as solvents. 
Isopropyl ether is often used in place of ethyl ether for extraction in the 
laboratory. It is a little more effective as an extracting agent, and on 
account of its higher boiling point is not quite so dangerous as ethyl 
ether.* 

Whitmore calls attention to the value of methyl ether as a solvent, also 
as a refrigerant in the “quick freezing’’ of foods. Foods may be exposed 
directly to it during refrigeration without acquiring objectionable taste or 
odor. 

* Ethers, such as isopropyl ether, are very suitable for blending with gasoline to give fuel 
of high octane rating. 
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Preparation of Ethers 


( 1 ) Method of Williarason (1851) by reaction of an alkyl halide and an 
alkoxide. Both simple and mixed ethers may be prepared by this method. 


C2a 


I + Na — OC 2 H 6 — > Nal -h C 2 H 6 — O — C 2 H 5 


Ethyl ether. 


CHa— 11 + Nal— OC 2 H 5 


Nal + CH:r~0— C 2 H 5 


Ethoxyethane 
Methyl ethyl ether, 
Methoxyethane 


Note the apparent similarity of this reaction to the Wurtz synthesis, page 
81. A modification of this reaction, used to make mixed ethers, is shown 
on page 574. 

(2) Preparation from an alkyl halide and silver oxide. Only simple 
ethers may be made in this way; the method is not practical. 

2C2H5I + AgaO 2 AgI + (02115)20 

The Williamson synthesis (1) and synthesis (2) establish without question 
the constitution of the ethers, and prove that in these compounds the 
alkyl groups are directly connected to the oxygen atom. 

^ The Williamson synthesis of ether was important in the development of chemical theory. 
In 1850 the formula for water was HO, for alcohol, (^IlbO, HO and for ether, ChHsO (C = 6, 
1) = 8). Ether was thought by most chemists to be alcohol less one molecule of water. How- 
ever Gcrhardt and Laurent, adopted the view that alcohol and ether were substitution products 
of water formulated as follows: 


C2H5I 

Hi 


O 


C2H5I 


o 


Williamson’s experiment in which he made methyl ethyl ether from interaction of potassium 
cthoxide and methyl iodide and also from potaftsium meihoxide and ethyl iodide showed con- 
clusively that the Laurent-Gcrhardt hypothesis was the correct one. It followed that ether 
must have two hydrocarbon radicals, not one, and that the formula for water must be H 2 O. 


(3) Preparation by dehydration of an alcohol. With ethanol and 
other lower primary alcohols this dehydration may be effected by pass- 
ing the vapor of the alcohol over alumina heated to 250-260°. In the 
laboratory and in commercial practice sulfuric acid is generally used as a 
“water-remover.” 

Equal molecular proportions of ethyl alcohol and sulfuric acid are first 
allowed to react. An alkylsulfuric acid is formed as shown on page 53. 
This then reacts with additional alcohol to produce the ether: 


A 

C2H5OSO2OH + CsHnOH H2SO4 + ((%Il6)20 


The sulfuric acid is regenerated and may now act on a further supply 
of alcohol. For this reason this process of making ether is called the ‘"con- 
tinuous etherification process.” Theoretically a single charge of sulfuric 
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acid should catalytically transform an unlimited amount of alcohol to 
ether, but actually the acid must bt^ rtmewed after a time because some of it 
is reduced by side-reactions. It is desirable to lower the temperature of the 
etherification reaction, since ethyl hydrogen sulfate may decompose to 
produce ethylene and sulfuric acid (page 53). Aluminum sulfate is used 
as a catalyst to allow the reaction to proceed at 120-140°; above 145° the 
ethylene reaction would supervene. The proportions of acid and alcohol 
used (excess of alcohol) arc also unfavorable for the production of ethylene. 

If we heat the ester of a primary alcohol and benzenesulfonic acid 
(page 439) with an excess of alcohol, an ether is produced without the 
undesirable charring which always takes place with the use of sulfuric acid. 

If an alkylsulfuric acid is caused to feact with another alcohol than 
the one first employed, a mixed ether results. 

Ether as prepared by this process contains water, alcohol, and sulfurous 
acid as impurities. The acid and a large part of the alcohol may be removed 
by shaking with sodium hydroxide solution. Remaining alcohol and much 
of the water are taken out by treatment with strong calcium chloride 
Solution. By introduction of sodium in the form of wire or thin shavings, 
or by the use of P 2 O 6 one removes the last traces of water. Such treatment 
is necessary if the ether is to be used for a Wurtz or a Grignard reaction. 

The sulfuric acid method serves for lower members of the ether series 
with normal chains. The higher alcohols and branched-chain members give 
undesirable amounts of olefinic compounds when heated with sulfuric acid. 
Isopropyl ether is secured as a by-product of the synthesis of isopropyl 
alcohol from propylene. On account of the tremendous volume of gasoline 
made by, cracking, about 400,000,000 or more gallons of this ether are 
available annually. 

Metamerism. A mixed ether may be isomeric with a simple ether as 
in the examples given here. Such isomers are called metamers. They 
occur in the series of ethers, amines, etc. 

Examples : 

CH3OC3H7 C2H5OC2HB 

Mixed ether Simple ether 

(Methoxypropane) (Ethoxyethanc) 

Reactions of Ethers 

The ethers are rather inert. This would be expected because they do 
not possess hydroxyl groups or multiple bonds. Their structure resembles 
that of the saturated hydrocarbons. 

(1) Oxidation. This reaction gives the same products from an ether as 
would be formed from the alcohols from which the ether was prepared. 

(2) Reaction with hydrogen iodide. Hydrogen iodide in the cold yields 
alkyl halide and alcohol : 

(C2H5)20 + hi C 2 H 5 I + CjHbOH 
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When this mixture is heated with an excess of hydrogen iodide, the alcohol 
is converted to alkyl halide: 

A 

(C 2 H 5)20 + ^in H2O + 202115! 

(8) When an ether is boiled with water and acid for some time, hydrolysis 
occurs witli tlie production of alcohols: 

A 

{C^lhho + II2O 2C2H5OH 

Bases do not catalyze this hydrolysis. 

(4) Ethers are soluble in cold conceiitratecl sulfuric acid. On addition of 
water to such a solution, the ether is recovered unchanged. However, if the 
solution is heated an ester of sulfuric acid is formed: 

(CaTIrOsp + H2SO4 ^ C2H5OII + C2H5OSO2OH 

(5) Reaction with halogens. An ether would be expected to react with 
chlorine and bromine because the saturated hydrocarbons do so. Halogen 
tends to substitute first on the alpha carbon, that is the one next to the 
oxygen. The beta chlorinated ether mentioned later is not made by direct 
chlorination. 

Electronic Structure of Ether. Oxonium Salts 

The formulas for water, ammonia, and ether are quite similar. In 
each we have oxygen or nitrogen united to hydrogen or a hydrocarbon 
radical : 


II 

R 

H 

\ 

\ 

\ 

0 

0 

H— N 

/ 

/ 

/ 

II 

R 

H 


The likeness between ether and ammonia is even more apparent in the 
electronic formulas: 

H 

11:0:R H:N:H 

In each case the nuclear atom, though possessed of the full quota of groups 
or atoms called for by its valence, is yet capable of holding additional atoms 
or groups. These compounds are thus in a sense unsaturated. The 
unshared electrons are called ‘Tone pairs.” 

Certain reactions of addition have long been known for these compounds 
and are well explained by the electronic formulas. Consider the reaction of 
ammonia with an acid: 

NH3 + HC1-^NH4C1 
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If the proton of the acid joins to the nitrogen of ammonia all of the valence 
electrons of the nitrogen will be used, and at the same time the NH4 group 
will acquire a positive charge: 

H ]+ 

H:N:H + Cl- 

ii 


H 

H:N: + H+ Cl” 

ri 


We now have the ions NHl* and Cl”*. 

Ether dissolves freely in sulfuric acid and in concentrated hydrochloric 
acid and forms addition compounds with many substances, both organic 
and inorganic. There is hardly a doubt that many if not all of such com- 
pounds are formed as shown above.* 

Example : 

li 

: 0 : + II+Cl“-> 

i'l 


R: 0 :II 

ii 


+ Cl- 


Since the addition complexes of ammonia are known as ammonium salts, 
the name oxonium salts has been adopted for the compounds similarly 
formed by ether and other similar oxygen compounds. In the Grignard 
reaction (page 570 ) very practical use is made of the ability of ether to 
form oxonium salts. 

When ether is exposed to air for some time it acquires a somewhat 
pungent odor and is found to have taken on the properties of an oxidizing 
agent. Distillation of such ether has frequently resulted in explosions 
which have been traced to the presence of peroxide compounds. Possibly 
such compounds are formed by addition of oxygen or perhaps of hydrogen 
peroxide by the unused electrons of the oxygen atom of the ether; they may 
also be true oxidation products. The presence of these peroxides makes 
ether unfit for use as an anesthetic. 

Digression. Association of Water, Alcohols, and Related Compounds. 

It must seem surprising to the thoughtful student that a substance of such 
low molecular weight as water should have a boiling point higher than 
that of heptane, whose molecular weight is 100. Another surprise comes 
with a comparison of the boiling points of saturated hydrocarbons and 
alcohols : 


B.p, B.p. 

C4H10 -0.5°C. C 4 H 9 OH 117.0*^0. 

C 6 H 12 36,0 C5H11OH 137.9 

Here we note that the simple substitution of OH for H of the hydrocarbon 

* In this reaction ether shows the properties of a weak base just as ammonia does in its 
reaction with HCl. Any substance which, like ether or ammonia, can take protons from an 
acid, is defined as a base. For a confiicting theory see «/. Am. Chem. Soc., 60 , Z528 (1938). 
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raises the boiling point about 100®. The explanation lies in the fact that 
water and the alcohols are associated compounds. Like the ethers they 
form addition compounds, in this case adding to themselves. 

The compounds really have molecular weights larger than illustrated 
by their simple formulas. Thus liquid water consists of H 2 O, (1120)2, 
(H 2 O) 3, mixed in \ arying proportions. T^he ethers, which are not associated 
compounds, have boiling points much lower than those of the alcohols. 
Their boiling points are to be considered as “ normal’’ while the boiling 
points of alcohols are abnormally high. 

In the association of water molecules the hydrogen atom of one molecule 
acquires an effective valence of two units. This is possible by virtue of the 
fact that the oxygen atom of water has valence electrons which are not 
employed (see page 13). A new type of bond, the coordinate bond exists 
between the oxygen and hydrogen. In this type of bond two electrons are 
shared as usual, but both of them come from one atom (the donor atom). In a 
normal covalent bond each atom contributes one electron. The arrow in 
the second formula points from donor to acceptor atom. 


:0:H:0:H, etc. 
H ii 


O— H ^ O— H 

I I 

H H 


( 1 ) ( 2 ) 


R 

I 

O 

/ \ / 

H H 

V 

i 


R 

I 

O 

/ \ 


H 


(3) 


H , etc. 


0 

1 

R 


Alcohol molecules associate in a similar way (see (3) above). This 
special type of union is known as a hydrogen bridge or hydrogen bond. The 
hydrogen atom of the bridge is not actually in possession of four electrons 
as shown in (1); really this hydrogen tends to be alternately bonded to 
each of the two oxygen atoms. A true formula, if it could be drawn, 
would show the valence rapidly alternating from one position to the other 
(see Resonance, page 398). 


Alkylene Oxides, Halogenated Ethers, Etc. 


The ethers so far discussed have all possessed two hydrocarbon groups. 
It is, however, possible to form an ether-like compound with but one hydro- 
carbon chain, two carbons of the chain being linked through oxygen as well 
as directly. Examples of such cyclic ethers are: 


0 

/ \ 
CH*— CH* 

Ethylene oxide, 
Epoxyethane 


o 

/ \ 

CH*— CH— CH, 

Propylene oxide, 

1 ,2-Epoxypropane 
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Ethylene oxide is obtained by heating etJiylene chlorohydrin with 
alkali (page 112). It is a colorless gas (b.p., 10.7°C.) soluble in water, 
alcohol, and ether. It is used as a fumigating agent and in synthetic work. 
Its great value in synthesis depends upon the fact that the oxygen bridge is 
easily opened, and by treatment with unsymmetrical reagents a molecule is 
obtained with different functions at either end. Such bifunctional com- 
pounds are usually valuable. The number of such compounds obtainable 
from ethylene and propylene oxides and like compounds is very large and 
only a few examples will be given here. Some others will appear later. 
The reaction will be indicated in the first instance, and thereafter only the 
reagent and final product will be shown, as the mode of reaction is in all 
cases identical with that shown. 


H. 

CHr-CHa + O 

Reagent 

Alcohol 


• nOCHaClIaOH Elhylcne glycol 

Product 

Ethylene glycol monoelhyl ether, 
EtOCIlalHaOH* 


This product, knowm as *H!!ellosolve'’ is a solvent for cellulose nitrate and 
useful in many other roles. Methyl and butyl alcohols give methyl and 
butyl cellosolves. These are good solvents, especially for making lacquers. 
They arc miscible with w^ater. 

Ethylene glycol llOClIaC^naOCHoC^HaOII, Diethylene glycol. 

This compound is discussed on page 109. 

(Mlosolve Et()Cll2C’H2(K^Tl2CH,:OII, Diethylene glycol monoethyl ether 

This compound is known as “Carbitol.’* It has been used «as a plasticizer 
and as a solvent for cellulose nitrate. Methyl and butyl cellosolves give 
methyl and butyl carbitols, valuable solvents. They are water-soluble. 

Dioxane, 1,4-Dioxane, Diethylene oxide, a by-product in the formation 
of ethylene oxide, is a cyclic ether of a special type: 

CH2— CH2 

O O Dioxane 

\ / 

CH2— CH* 

It is made from ethylene glycol by distillation with concentrated sulfuric 
acid in small amount. It is a good solvent and especially interesting 
because it is water-soluble. As would be predicted it forms oxonium com- 
pounds, that with sulfuric acid being a stable compound with melting 
point of 101°C. 

* For significance of the abbreviation, see footnote, page 94. 



ETHERS. THIO ETHERS 


129 


Dichlorodiethyl ether. When ethylene chlorohydrin is treated with 
concentrated sulfuric acid at 100°, ether formation occurs: 

CICH 2 CH 2 OH + HOCH 2 CH 2 CI H 2 O + CICH 2 CH 2 OCH 2 CH 2 CI 

/3,0'-Dichlorodiethyl ether, &w(2-Chloroethyl) ether* 

The product, dichlorodiethyl ether, is an excellent solvent for oils, fats, gums, 
and waxes. Its high specific gravity, low water solubility, and relatively 



Fio. 25. — Portion of Robert Hinckley painting of first operation under ether at Massachusetts 
General Hospital. {Boston Medical Library.) 

high boiling point make it a good extracting agent. It has been mentioned 
in connection with the “chlorex” extraction process for lubricating oil 
refining. 

Treatment of dichlorodiethyl ether with ammonia yields morpholine 
(page 316). 

* The use of his in a name signifies that two identical groups are joined to a given atom. 
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Vinyl ether, Divinyl ether, (CH2=CH)20, is an example of an unsatu- 
rated ether. * The compound is made from dichlorodiethyl ether by treat- 
ment with alkali: 

CICII 2 CH 2 OCH 2 CH 2 CI + 2KC)II (dry) ^KCl + 2 H 2 O + (CIl2=CH)20 

The compound has a boiling point very near that of ethyl ether. It has been 
tried as an anesthetic and found to be more rapid than ether both in onset 
of anesthesia and recovery therefrom. Note the chemical likeness to both 
ethylene and ether. 

Tiiio Ethers or Alkyl Sulfides 

Thio ethers, compounds analogous to ethers, in which sulfur atom takes 
the place of oxygen, are, like ethers, colorless licpiids insoluble in water, but 
soluble in alcohol, ether, and other organic solvents. Their odors are 
likely to be disagreeable as ordinarily prepared, but the pure compounds 
are not unpleasant. 

The type formula for this series is R — S — R', and as with the oxygen 
ethers, both simple and mixed derivatives are possible. 

Simple: C 2 HB—S— Calls Mixed: CH 3 — S- Call/ 

Eth>l sulfide. Ethyl- Methyltliiopropanc 

thioethane 

It will be seen that the above compounds are metamers. Metamerism 
exists in this series as with the ethers, etc. 

Preparation of Tiiio Ethers 

(1) Action of an alkyl halide with a metallic sulfide: 

2 C 2 HBCI + K 2 S £KC1 + (C 2 H 6 ) 2 S 

This reaction should be compared with reaction (2) for the preparation of 
oxygen ethers. 

(2) By a variant of the Williamson reaction, 

C 2 H 5 S— |Na + I |— CHa Nal + CHa— S— C zHb Methyl ethyl sulfide, 

Methylthioethane 

Reactions of Sulfides 

( 1 ) Oxidation, Compounds called sulfoxides and sulfones are obtained 
upon oxidation of the organic sulfides. Nitric acid is used to obtain sul- 
foxides; by use of concentrated nitric acid or potassium permanganate 
sulfones are made. 

Oxid Oxid 

(C2H5)2S ► (C2Hb)2SO > (C2H5)2S02 

Ethyl sulfoxide. Ethyl sulfone, 

Ethylsulfinylethane Ethylsulfonylethane 

*** This is sold under the name Vinethene. 
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The preparation of several sulfoncs of importance in medicine is shown on 
page 155. 

The sulfoxides are interesting examples of compounds possessing a 
coordinate bond. The sulfur atom holding two pairs of unshared electrons 
is able to donate a pair to an oxygen atom. The oxygen, which has but 
six valence electrons, thus acquires a normal octet. Sulfur is the donor, 
oxygen the acceptor (see page 127). In a sulforie molecule there are two 
coordinate links. 

O 

t 

11— S— R R— S-R 

1 i 

o o 

Sulfoxide Sulfone 

(2) Addition of alkyl lialidcff to form sulfoniurn compounds: 

(C2ll5)2S + C 2 TI 5 I (C2H5)3S1 Triethylsulfonium iodide 

Thioethers show additive powers as do their oxygen analogs, which is 
to be exi>ected in view of the chemical similarity of oxygen and sulfur. The 
electronic formulation for the reaction shown above is: 

Et:S:Et + Eli rEt:S:Et> + 1“ 

L Et J 

During the reaction the iodine takes possession of its full quota of eight 
electrons and leaves the ethyl group a positive ion. After the ethyl group 
joins the sulfur this positive charge belongs to the complex. The com- 
pound is a salt. Upon treatment with silver hydroxide there is an exchange 
of ions to form the sulfoniurn base, triethylsulfonium hydroxide. 

(C 2 H&) 3 SI + AgOn — ^ Agl + (C 2 H 6)38011 Triethylsulfonium hydroxide 

Bases such as this are as strong as sodium hydroxide. 

UNSATURATPm AND HaLOGENATED ThIO EtIIERS 

The structure of allyl sulfide is shown below as an illustration of an 
unsaturated compound. 

H H 


CH,=C- 

-CHa— IK 


CH2=C- 

-CHa 



\ 





S- 

-* 2KI + 

S 



/ 


/ 

CH2=C- 

-CHa— I K 


CHa=C- 

-CHa 

H 



H 



Allyl sulfide, 
found in garlic 
and onions 
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Mustard Gas. The formation of “Mustard Gas,” i 3 ,iS'-dichlorodiethyl 
sulfide is shown below. This substance was one of the highly important 
war gases in World War I. It appears to penetrate the skin very rapidly, 
and after some delay causes first intense irritation, then blistering and finally 
necrosis. It may be absorbed through the lungs; injury to the heart and 
internal organs follows if any reaches the blood stream. The strong vesicant 
action is not well understood. 

By chlorination of mustard gas non-vesicant products result. The 
products of light oxidation arc also non-vesicant. These means are thus 
available if the compound is to be destroyed. The overall reaction for its 
preparation is: 

2CH2=CH2 + S2CI2 S + (CICH2— 0112)28 Mustard gas, his 

(2-Chloroethyl) sulfide* 

Other substances used as war gases are shown on pages 323 , 606 . 

REVIEW QUESTIONS 

1. What ether would be formed by the interaction of: 

(a) Sodium methoxide and methyl iodide? 

(b) Sodium methoxide and propyl iodide? 

(c) Sodium ethoxide and methyl iodide? 

(d) Sodium propoxide and methyl iodide? 

2. Write equations for the action of silver oxide upon the following alkyl halides: 

(a) Methyl iodide; (b) Ethyl iodide; (c) Propyl iodide; (d) Isopropyl iodide. 

3. What ethers would be formed by the reaction of ethylsulfuric acid (ethyl hydrogen sulfate) 

and propyl alcohol? 

4. What products are formed when a mixture of hydrogen iodide and methyl propyl ether is 

heated? 

5. Write equations showing how the following ethers would react with cold III solution and 

with hot HI solution in excess. 

(a) Methyl propyl ether; (b) Ethyl isopropyl ether; (c) Butyl ether. 

6. How could a mixture of ether and n-pentane be separated? 

7. A certain ether has the formula C 4 H 10 O. Describe the steps which would be necessary to 

determine its structure. 

8. Write graphic formulas for ethers of molecular formula C4H10O. Write an equation for 

the preparation of each compound. 

9. Write equations showing what compound would be produced by the interaction of dimethyl 

sulfide and methyl iodide. Show by an equation the action of silver hydroxide upon this 
.compound. 

10. In what respects do thio ethers differ from oxygen ethers? 

11. Give equations for two methods of making ethyl ether from ethyl alcohol. 

12. Write structures for the ethers and alcohols having the formula C4H10O. Which com- 

'pound of this group should have the highest boiling point? 

13. What are oxonium compounds? What elements besides oxygen and nitrogen should form 

compounds of this type? 

14. How could you prove the absence of OH group in an ether? 

15. What class of organic compounds is isomeric with the ethers? What type formula is 

common to these compounds ? What reagent will react with compounds of either class ? 

* See footnote, page 129. 
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16. What test would distinguish an ether from a saturated hydrocarbon? Describe it. 

17. In connection with the first use of ether for anesthesia the names of Long, Morton, and 

Simpson arc cited. Consult an encyclopedia to learn what contribution was made by 
each of these. 

18. What compounds might be formed by reaction of ammonia and ethylene oxide? 

19. What compound should form by treatment of ethyl ether with anhydrous hydrogen 

chloride in large excess? Show its electronic structure. 

20. What objection might there be to the use of the sulfuric acid method for making ethers 

from secondary or tertiary alcohols? 

21. Why would ether be “expected to react” with chlorine or bromine? 

22. Write equations for tlie formation of methyl and butyl cellosolves and for methyl and 

butyl carbitols. 

23. Why should cellosolve be a more versatile solvent than ether or alcohol? 

24. By what tests is an ether to be distinguished from a saturated monohydroxy alcohol? 

25. Describe how one would determine the nature of the alkyl groups of an ether of formula 

CfiHiaO. 

26. When making ether by the sulfuric acid method ethylene may be formed. How can one 

lower the ethylene yield? 

(R)27. T(‘ll how to separate by chemical methods a mixture of acetic acid, acetone, and ethyl 
ether. 

28. Define and illustrate the term “metamerism.” 

29. * A compound (A) contains 64.88% C, 13.51% H, and 21.62% O. Its vapor density 

(II 2 = 1) is 37. When it is heated with an excess of HI solution two alkyl iodides are 
* formed, containing respectively 89.45% and 74.71% iodine. Indicate possible struc- 
tures for the compound (A). What further work is necessary in order to fix the struc- 
ture of the compound? 

(R)30. Analysis of the compound (A) yields the following results: combustion of a sample 
weighing 0.1680 g. yields 0.3695 g. CO 2 and 0.2015 g. H 2 O. The vapor density of (A) 
is 30. When treated with concentrated sulfuric acid it is converted in part to an olefin 
(B) containing 85.71 % C. Addition of HBr to this olefin yields an alkyl halide (C) 
containing 65.04% Br. The compound (C) reacts with sodium propoxide to yield a 
compound with a vapor density of 50 + 1. Final tests to prove the structure of (A) 
included oxidation which gave a monocarboxylic acid (D) whose silver salt contained 
59.66% Ag. Explain the reactions discussed above, and show graphic formulas for 
(A). (B), (C), and (D). 
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CHAPTER VTI 


ALDEHYDES AND KETONES 

Aldehydes and ketones are highly important compounds of the C, 11 , O 
group, which, because of certain similarities in structure and reactions, may 
well be studied side by side. Both aldehydes and ketones are oxidation 
products of the alcohols, the former being produced by the oxidation of 
primary alcohols, whereas ketones form when secondary alcohols are 
oxidized. 

II 

The type formula for an aldehyde is 11 - (/- - O; that for a ketone is 

R 

R — C= 0 . Both contain carbon united to oxygen by two bonds (the 
carbonyl group). Aldehydes differ from ketones in that they contain the 
carbonyl group luiitcd to hydrogtui and an alkyl groiij); in ketones two alkyl 
groups are attached to carbonyl. A number of the reactions of aldehydes 
and ketones depend on the unsaturated C=^) group, which takes j)art in 
additions similar in some respects to those already noted in the case of 
ethylene and its congeners. 

Nomenclature. Aldehydes on oxidation yield acids with the same 
number of carbon atoms, and are commonly named after these acids. 
Examples of common names: 

H 

HC =0 Formaldehyde; oxidizes to formic acid. Name condensed from 
“Formic aldehyde.” 

H 

CH3C==0 Acetaldehyde; oxidizes to acetic acid. Name condensed from 
“Acetic aldehyde.” 

Also, they are named by a system similar to that used for the alcohols, i.e., 
from the saturated hydrocarbon with like number of carbon atoms, with 
names ending in al. 

Examples of I.U.C. names: 

H 

CH3C=0 Ethanal 

II 

C3H7C--O Butanal 

To save space the aldehyde group is usually printed as CHO; thus ethanal 
would be printed CH3CHO. 


184 
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Ketones are named as arc the ethers (page 122) i.e., by the word “ke- 
tone’’ preceded by the names of the alkyl groups attached to carbonyl. 


Examples : 

cn, 

\ 

CO Dimethyl ketone, 

/ Acetone 

CTI3 

Simple ketone 


Clla 

\ , 

( Methyl propyl ketone 
Mixed ketone 


Ketones arc fre(4uently named by the I.IJ.C. system. The names are 
taken from the saturated hydrocarbons with like carbon content, using 
names ending in (pronounced “own”), and a number t,o indicate 

the position of the C^O group in the chain. The example below will 
indicate the use of this system : 


O 

II 

IIsC— CII«— CII,~ C— CII3 2-Pentanone 

The above formula takes less space when printed as CH3CH2CH2COCH3; 
therefore the formulas for ketones are often shown in the condensed style. 
Both simple and mixed ketones are known, an example of each type being 
illustrated above. The formulas and some of the physical properties of 
aldehydes and ketones are shown in Tables 12 and 13 . 


Table 12. — (Constants of Aldehydes 


Name 

Formula 

M.p., ®C. 

B.p., °C. 

Sp. g., 
20°/4° 

1 

Ht. of 
comb. 

Formaldehyde 

HCHO 

- 92.0 

- 21.0 

0.815-*“ 

134 

Acetaldehyde 

ciucuo 

-123.5 

+ 20.2 

0.783i» 

279 

Propionaldehyde 

( >H6( HO 

- 81.0 

49.5^'»« 

0.807 

434 

n-Butyraldehydo 

CJItC HO 

- 99.0 

75.7 

0.817 


Isobutyraldehydt? 


- 65.9 

63. 0^*^^ 

0.794 

597 

Valeraldeliydc 

CJKCTIO 

- 91.5 

10,3.4 

0.819” 


Isovaleraldehyde 


- 51.0 

92.5 

0.803” 


Trimethylaceialdchydc . . . 


+ 3.0 

75.0 

0.793” 


n-Caproic aldehyde 

(’bHhCho 


130.0 

0.8191‘^^B 


Heptaldehyde 

CfiHisCHO 

- 42.0 

155 

0.817 

1062.4 

w-Caprylic aldehyde 

CtHuCHO 


167-70 

0 . 821 


Acrylic aldehyde 

CHz^CHCHO 

- 87.7 

52.5 

0.841 

390 

Crotonaldehyde 

CHsCH-^CilCIIO 

- 69.0 

102.2 

0.859^4 

542 

Propargyl aldehyde 

HCsCCHO 


60.0 




Physical Properties of Aldehydes and Ketones 

Although these two classes of compounds have many points of similarity 
in their chemical properties, their first members, at least, are physically 
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quite different. Formaldehyde, the first of the aldehyde series, is a gas, 
while acetaldehyde boils at 20 . 2 °. Further members of this series (up to 
the compound with 12 carbon atoms) are colorless liquids. Formalde- 
hyde and acetaldehyde have particularly disagreeable and irritating odors, 
but the higher liquid aldehydes have a pleasant odor. Many are found in 
flower oils. 


Table 13. — (Constants of Ketones 


Names of radicals 

Formula 

M.p., 

^C. 

H.p., 

Sp. g., 
20°/4° 

III. of 
comb. 

Dimethyl 

CUzCOClh 

ClhCOC^lh 

C2H5(0C2H5 

(llaC'OCaHT 

— 94.6 

56 . 5 

0 . 792 

427 

Methyl ethyl 

— 85.9 

79.6 

0 . 805 

582 

Diethyl 

— 4i.O 

102.7 

0.816*^’ 

736 

Methyl propyl 

— 77.8 

101.7 


736 

Methyl isopropyl 

-92.0 

95.0 

0 . 803 

734 

Methyl n-butyl 



( H3COr4H9 

—56.9 

127.5 

0 . 830"“ 

895 

Methyl isobutyl 

-84.7 

118.0 

0 . 803 

Methyl #cc-butyl 


117.8 

0.815i«“ 


Ethyl propyl 

C\lhCOC\lh 


i 124.0 

0.813 


Ethyl isopropyl 


114.0 

0.814^»“ 


Dipropyl 

CsHtCOC 8 H 7 

-32.6 

143 5 

0 . 821 

1051 

Methyl amyl 

( HaCOCaHn 

150.0 

0.822 

Dibutyl 

- 5.9 

188-92 

0.827^»‘’ 


Diamyl 

CaHiiCOCfeHi, 

-hl4.6 

226.3 

0.826 


Dihexyl 

CeHi3(''OC*6Hi3 

CtHuCOCtHu 

83 . 0 

264 . 0 

0.825'^"“ 


Diheptyl 

39.0 

178 







Ketones are colorless liquids (up to (C6Hi3)2C=K)), with an ethereal, 
pleasant odor. Higher members of both series are colorless solids, prac- 
tically odorless. Only the first few members of the aldehyde and ketone 
series are freely water-soluble. 

Preparation of Aldehydes 

The importance of the aldehydes for the synthetic work of the organic 
chemist has led to the perfection of many methods for the production of 
these compounds, of which the following are the more generally applicable, 
( 1 ) Aldehydes are formed by the oxidation of primary alcohols. Thus 
ethyl* alcohol on oxidation yields acetaldehyde: 

Oxid 

CHsCHsOH > H2O + CHaCHO Acetaldehyde 

A dichromate with sulfuric acid is usually employed when this reaction is 
carried out in the laboratory. Since an aldehyde is more easily oxidized 
than the alcohol from which it is being formed, steps must be taken to 
remove it promptly from the oxidizing mixture, and so prevent its oxidation 
to acid. Aldehydes have lower boiling points than the corresponding 
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alcohols and so tend to escape from the hot oxidizing mixture. In preparing 
acetaldehyde and propionaldehyde the escape of the aldehyde is assisted 
by blowing a current of inert gas through the mixture. 

(2) An aldehyde may be formed by passing the vapor of a primary 
alcohol over hot copper: 

( u 

C2IT5OH ^ H2 + CH3CHO 

200 - 350 ® 


This reaction shows the derivation of the name aldehyde (from aZcohol 
(lehydrogQn 2 Lium)^ that is, alcohol less hydrogen. Some of the acetaldehyde 
of commerce is made by this process. 

According to Wicland’s theory of oxidation, this removal of hydrogen is 
all important, while oxygen, if present, serves only as a hydrogen acceptor. 
The oxidation of an aldehyde according to this theory would proceed 
through the following stages: (a) hydration; (b) loss of hydrogen. 


CJhCUO + H2O 


OH 

/ 

II3C- C - OH 

\ 

H 


H2 + CH3C 




O 


\ 

OH 


It is significant that if an aqueous solution of acetaldehyde is treated with 
palladium black, no free oxygen being present, the acetaldehyde is oxidized 
to acetic acid, and palladium hydride is formed. If oxygen is admitted, 
we get water and palladium. Thus we have a clear insight of the action of 
the catalyst. There is much additional experimental verification for the 
Wicland theory. 

Formaldehyde is prepared from methanol on the large scale by reaction 
(2). Some air is admitted with the alcohol; the oxidation of a portion of 
the hydrogen then produces heat which promotes the main reaction. Issu- 
ing formaldehyde may be used directly for synthesis, or dissolved in water 
and methyl alcohol to give a solution (about 40%) called Formalin. With 
changes in temperature this reaction may be used to make various aldehydes 
besides those mentioned here. For another commercial method, see 
page 32. 

(3) Heating the calcium salt of an organic acid with calcium formate 
produces the corresponding aldehyde. 

N 

CHa^^^C— O— Ca/2* 

n Heat 

► CaCOs + CHaCHO 

.HC^OCa/2 

Heating calcium formate alone gives formaldehyde and calcium carbonate. 

* Ca/2 stands for a half atom of calcium. This device saves doubling the entire formula. 
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Aldehydes are oxidation products of primary alcohols and reduction 
products of monocarboxylic acids. Methods (1) and (2) show preparation 
by oxidation of alcohols; ( 3 ) shows reduction of acids. In this preparation 
catalytic reduction is not practical as it cannot be halted at the aldehyde 
stage. 

( 4 ) The formation of acetaldehyde from acetylene is shown on page 6(). 
This method has considerable commercial importance. 

(5) There is a theory that the first step in the synthesis of sugars and 
other carbohydrates in plants which contain chlorophyll is the formation of 
formaldehyde from carbon dioxide and water: 

CO2 + JhO O2 + II >co 


Discussion of this tlieory will be found in tlie chapter on earlxihydrates. 


PliKPAKATION OF KkTONES 

The ketones arc formed by reactions analogous lo (1), and ( 3 ) above. 
(1) By the oxidation of a second ari/ alcohol a ketone is formed: 

Oxid 

CH3CHOHCII3 > H2O + CIIsCOCHa Acetone 


Method ( 2 ) for aldehyde preparation is conveniently used. 

(2) Ketones may also be made by hc^ating the calcium salts of the 
aliphatic saturated acids. Both simple and mixed ketones are mad(‘ in 
this way by choosing the proper salts. Acetone is formed when calcium 
acetate is heated : 


CH: 


\ 


o 


y 

CH 3 — c \ 

\o '' 


o CHj 

\ Heat \ 

Ca CaCOa + C =0 


CH 3 


Acetone 


A better method involves passing the vapor of an acid or acid anhydride 
over a heated catalyst (metal or metal oxide). This method may be used 
for a number of ketones; it is illustrated below for acetone, some of which 
is made commercially in this way. 

MnO 

2CH3CO2H > CO2 + H2O (0113)200 Acetone 
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(3) The dry distillation of wood yields some acetone, but this method 
would not begin to supply the present demand. Large amounts of acetone 
are produced by bacterial ferrru^ntation of corn starch or molasses, butyl 
alcohol being produced in even greater yield at the same time (pages 99, 
790). Acetone production by oxidation f)r dehydrogenation of isopropyl 
alcohol (obtained by hydration of propene) competes seriously with pro- 
duction by the fermentalion method. 

Special methods for the formation of ketones are: (4) the Grignard 
reaction (page 573), and (5) the use of acel.oacetic ester (page 211). Small 
amounts of acetone normally occur in blood and urine; in cases of diabetes 
the amount is greatly increased. 

Molecular Structure of Acetaldehyde 

If we give C, II, and O their customary valencies, there is only one 
formula possible for formaldehyde, namely ILC—O. This formula accords 
with the chemistry of tlie compound, since it illustrates unsaturation. 
For acetaldehyde we would be inclined to accept an analogous structure, 
however there are two other possibilities, CH 2 ~--CTIOH and 
OIL Cn 2 . The latter does not answer; we have already used this formula 



for ethylene oxide, which we know is formed by dehydration of ethylene 
glycol, a compound whose two Oil groups are on adjacent carbon atoms 
(page 108). Acetaldehyde is formed by dehydration of a dihydroxy com- 
pound both of whose OH groups are on the same carbon atom. We prove 
this fact when we make acetaldehyde by the hydrolysis of 1,1-dichloroethanc 
(ethylidene chloride) : 

2II2O 

CH3CHCI2 > mcl + H2O + CHsCHO* 

The ethylene-alcohol formula finds strong support in certain reactions of 
acetaldehyde, and in the existence of derivatives of the general formula 
CII 2 — CHOR. For the present, then, we will write the formula of acetal- 
dehyde and other aldehydes with the — CHO group because most of the 
reactions justify this structure. Later it will be necessary to consider the 
other possible formula given above. 

Chemical Reactions of Aldehydes 

The reactions of aldehydes include oxidation, reduction, addition, 
substitution, polymerization, as well as some special reactions which do 
not come under these headings. Because of the large number of reactions 
in which they take part, the aldehydes are very useful synthetic agents. 
The following examples show those reactions which are general to the 

* The method of preparation shown in this equation and the preparation of acetaldehyde 
from ethyl alcohol both prove that the two carbons of the aldehyde are joined to each other. 
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series; special reactions of the first member, formaldehyde, will follow in a 
separate section, 

(1) Oxidation, An aldehyde on oxidation forms an acid with the same 
number of carbon atoms. 

H Oxid 

R— C==0 > R— C- OH 

A theory regarding the mechanism of this reaction has already been dis- 
cussed. Aldehydes may readily be oxidized to acids by solutions containing 
silver ion, precipitating the metal in the form of a mirror. The reduction of 
an ammoniacal solution of silver nitrate is one of the tests commonly used 
for detection of the aldehyde group. Aldehydes also reduce Fehling’s 
solution* yielding a reddish precipitate of cuprous oxide; at times a small 
amount of metallic copper is precipitated. The oxidizing agent in Fehling’s 
solution is essentially cupric hydroxide; that of the ammoniacal silver nitrate 
is essentially silver oxide. 

Equation for action of Fehling’s solution : 

2Cu(OH)2 + RCHO CU 2 O + m^O + RCO 2 H 

Equation for action of silver nitrate: 

AgaO + RCHO 2Ag + RCO 2 H 

Commercially acetaldehyde is oxidized to acetic acid by air in the presence 
of manganese acetate. 

f2) Reduction, Primary alcohols result from the reduction of aldehydes. 

Redn 

RCHO > RCH 2 OH 

ZH 

The reduction may be performed by the use of a copper catalyst and 
hydrogen; it represents the reversal of method (2), page 137. At low tem- 
perature hydrogenation takes place; above 200° the equilibrium shifts 
increasingly toward the dehydrogenation. One may also reduce an alde- 
hyde with chemical reducing agents (metal and acid). See also page 491. 

(3) Addition reactions. The C==0 (carbonyl) group of aldehydes 
behaves in some respects like the C=C union in an olefin. Under the 
influence of certain reagents the double bond is ruptured f and addition 

* Fehling’s solution (A) contains sodium hydroxide and Rochelle salt (sodium potassium 
tartrate). Solution (B) contains copper sulfate. These solutions are mixed in equal parts 
and diluted with water at the time the test is performed. (See also page Z64.) 

t It would be more accurate to say that a certain number of molecules have an “activated^* 
open bond, ready for addition reactions. Such molecules are in equilibrium with the normal 
molecules. 

H H H ^ H 

RC=Oi=iRC— O or R:C: : Oi^RiCiO: 
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takes place with the formation of new compounds.* In all of these cases 
we find that the more positive part of the reagent joins to the oxygen of the 
aldehyde, and the more negative part to the carbon. Some of the important 
addition compounds of the aldehydes are shown in the following examples, 
(a) Addition of water. 


H H 

R— C=0 + HjO R— C— I 

O 

IH 


OH 


In water solution the equilibrium shown here may be assumed to exist; 
however the dihydroxy compound is in most cases too unstable to be iso- 
lated. A stable compound is formed when, instead of a simple aldehyde, 
we use a substituted aldehyde with halogen in place of hydrogen. 


Example: 


H 

CI 3 C— C=0 + H 2 O 

(’hloral 


n 

■ CI3C— C(0H)2 
(Chloral hydrate 


(b) Addition of sodium bisulfite. 

H H 

" CTT 3 — C=() + NaHSOa Clla—C— OH Acetaldehyde-bisulfite 

I compound 

SOsNa 


The formation of bisulfite compounds is often a means of separating an 
aldehyde from other compounds with which it may be mixed. The aldehyde 
is easily regenerated when the bisulfite compound is treated with either 
dilute acids or bases. 

Formaldehyde sodium bisulfite gives upon reduction sodium formalde- 
hydesulfoxylate, Rongalite, H2C(0H)S02NaH20, which is used as a 
reducing agent, especially in discharge dyeing. 

The reaction with sodium bisulfite probably has something to do with 
the Schiff test for aldehydes. In this test a solution of an aniline dye is 
decolorized with sulfurous acid. Upon addition of an aldehyde a red or 
purple color appears. The reaction was explained on the basis of the 

’'‘Digression. The halogens do not add to the C— O group of the aldehydes as might be 
expected from a consideration of the ethylene double bond, but react in an altogether different 
manner (page 144).' One may make the general statement that unsaturation in a molecule 
always shows the possibility of addition reactions. However, the kind of additions that can 
take place is conditioned by the nature of the atoms holding the double bond and also, to some 
extent, by the shape and size of the rest of the molecule. For this reason we shall find some 
differences between the additions of aldehydes and ketones. Ketones, having two alkyl 
groups on the carbonyl carbon are more “crowded** than aldehydes, and there is less room for 
new groups to come in. If the ketone is substituted near the carbonyl group the crowding is 
intensified. Thus hexamethylacetone (CH8)5C(C=0)C-(CH8)8 does not add reagents 
which commonly add to ketones. 
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addition of the sulfurous acid to the aldehyde, but has been shown to be 
much more complex than that. 

(c) Addition of ammonia. 


H 


H 


CH3” c=<) + HNH2 ciis-c— on 



Acetaldehyde-ammonia 

com])oiin(l 


The aldehyde-ammonia compound precipitates when ammonia gas is passed 
into a dry ethereal solution of the aldehyde. Aldehydes are easily regen- 
erated when these solid ammonia addition-products are heated with dilute 
acids. The formation of these compounds is a simple way to isolate 
aldehydes from mixtures, at least in some cases. 

(d) Addition of hydrogen cyanide: 

H H 

RC=0 + HCN --4 R— C— OH Aldehyde cyanohydrin 

CN 

Aldehyde cyanohydrins arc valuable synthetic compounds. See, for 
example, amino acids, hydroxy acids. A somewhat better synthesis than 
the one shown above is from a bisulfite compound and a cyanide: 

CHaCHOHSOaNa + NaCN Na2S03 + CII3CHOHCN 

This method avoids the use of hydrocyanic acid, which is poisonous. Action 
of a trace of free sodium bisulfite upon the cyanide releases hydrogen cyanide 
which quickly adds to the aldehyde present in the mixture (in equilibrium 
with its bisulfite compound). This causes the breakdown of more molecules 
of the bisulfite compound, releasing additional sodium bisulfite, etc. 

(e) Addition of hydroxylamine. 

H H H 

R— C-=0 + H 2 NOII R— C OH H 2 O + RC--NOH Aldoxime 

HNOH 

The reaction of hydroxylamine wdth an aldehyde results in the loss of water 
and formation of a compound called an oxime. Such compounds are named 
from the aldehyde put in reaction, as acetaldoxime (ethanal oxime), etc. 

(f) Addition of phenylhydrazine. A phenylhydrazone is formed: 

H H H« H H 

R— C=0 + HjN NCsHs* R— C-l — OH H^O + R— C=N N 

1 I CeHs 

N [H Aldehyde phenylhydrazone 

HN 

CeH, 

* The CeHs group or radical, known as the phenyl radical, will be taken up for study in the 
chapter on benzene compounds, page 396. 
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Louis Pasteur. (1822-1895, French.) 
(Chemists are cliiefly interested in his work 
with tartaric acid, his methods for effect- 
ing the resolution of racemic mixtures, and 
some of his fermentation studios. See 
Am. Chem. 17, 798 (1895), J. Chem. 

Soc. (London), 71, 683 (1897), J. Chem. 
Education^ 6, 50 (1928), ibid., 11, 614 
(1934). Vallery-Radot, Life of PaMcur 
(Doubleday, Page (\)., 1926); also this 
book, page 333. 




R. A. C. Emil. Erlrnmeter. (1825- 
1909, German.) Erlenmeyer was a stu- 
dent of KekuM, much interested in the 
structural theories of organic chemistfy. 
Students know him best through his 
naphthalene formula and the conical 
flask named after him. See J. Chem. Soc. 
(London), 99, 1649 (1911); also this book, 
page 586. 


BeriehU 48 , S64fi (1010). 
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All of the reactions shown above are additions at the C=0 double bond of 
unlike positive and negative atoms or groups. The products are more or 
less easily hydrolyzed, returning the original substances, aldehyde and 
reagent. However, in the case of the cyanohydrin, hydrolysis with strong 
mineral acids yields a new compound, belonging to the series of hydroxy 
acids (see page 238), 

The oximes and phenylhydrazones of the aldehydes crystallize well 
in most cases, have definite melting points. For this reason they are often 
made in order to identify specific aldehydes (page 544). The semicar- 
bazones, made from semicarbazide and aldehydes are also useful in this role. 
See page 273. 

Since many of the aldehydes and ketones arc liquids and the identifica- 
tion of a small amount of liquid is diflSicult, it is very convenient to convert 
these compounds to these solid derivatives. The student has learned by now 
that the purification of a small amount of solid is a practical operation anrl 
that a melting point determination can be made with very little material. 

This identification of compounds is frequently necessary in the course 
of organic research work because most reactions give by-products, some- 
times in quite good yield. After a chemist has separated and purified such 
a compound he first makes a sufficient number of tests to be sure of the 
classification of the compound. He then prepares one or more solid deriva- 
tives and checks their melting points against recorded values, and in this 
way learns which particular member of a homologous series he has in hand. 
It is of course understood that this method can be used only with well 
known compounds, a number of whose solid derivatives are already listed 
in tables. For such compounds the scheme described is very suitable, as it 
avoids the necessity of quantitative analysis and molecular weight deter- 
mination, which are time-consuming operations. For new compounds 
such analysis is necessary in addition to the tests which establish the homol- 
ogous series to which the compound belongs. 

(g) Reaction with alcohols. In the presence of hydrochloric or sulfuric 
acid, aldehydes react with alcohols to form compounds called acetals. An 
unstable hemiacetal is an intermediate compound in the reaction. Acetals 
are used in synthesis. These substances, like the other aldehyde derivatives 
which have been shown, hydrolyze (to return the aldehyde and alcohol 
from which they were formed). Acids catalyze the hydrolysis; bases do not. 


H 

R_C=0 + HOC 2 H 6 


R- 


H 

C- 




OC 2 H 5 

Hemiacetal 


H,0 + 

H 

RCCOCsHb)* 

Acetal 


(4) Reaction with halogens. The hydrogen of the alkyl group next to 
carbonyl is replaced by halogen atom. 

CHaCHO + SCU 3HC1 + ClaCCHO 
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This replacement of hydrogen of acetaldehyde by halogen is a rapid reaction 
even at room temperature. An explanation of this may be found in the 
dual structure possible to compounds which have alkyl group joined to 
carbonyl. 

Such compounds, by virtue of the mobility of the alkyl hydrogen con> 
ferred by the near presence of the carbonyl group, may exist in two struc- 
tural forms. These two forms for acetaldehyde are as shown below. 

II H 

CH3— 0-^3 ^ (ni2-- C- OH 

Isomer 1 Isomer 2 (Vinyl alcohol) 

Isomer 1 above may be called the ordinary or stable form of an aldehyde 
(acetaldehyde is used as an example). Isomer 2 represents an unsaturated 
alcohol (in this case, vinyl alcohol). Compounds of the type of vinyl 
alcohol, in wdiich Oil group is attached to a doubly-bound carbon atom, 
have never been isolated; however, there is strong evidence that they exist, 
at least in small concentration, in the presence of their isomeric aldehydes. 
Derivatives of such compounds as vinyl alcohol are quite common. 

When these derivatives are treated in such a way that vinyl alcohol 
should be formed, acetaldehyde is invariably the product of the reaction. 
Thus, the hydrolysis of ethyl vinyl ether, CIl2=CHOC2H6, does not 
yield ethyl alcohol and vinyl alcohol, but ethyl alcohol and acetaldehyde. 

Acetaldehyde shows by several of its reactions that it may easily pass to 
the vinyl alcohol structure. Thus, when it is dissolved in dilute sodium 
hydroxide solution and treated with a mercury salt, a derivative of vinyl 
alcohol is precipitated. 

A shifting of hydrogen atom as illustrated in these examples, appears in 

II 

all compounds with the grouping M=C — OH.* All such compounds may 
therefore exist in two forms. Spontaneous isomerism of this kind is called 
tatdomerism. The particular type of tautomerism illustrated here is the 
keto-enol type, the aldehyde tautomer being keto (it has the C=0 group 
typical of ketones), and the alcohol form enol (this name is derived from 
alkene-alcohoZ) . In some instances, both tautomers are capable of inde- 
pendent existence, as is true with acetoacetic ester (page 210). Sometimes, 
as in the case of acetaldehyde, one form appears to be much more stable 
than the other. Ordinarily, they coexist in equilibrium with each other 
in a sample of a tautomeric substance. Any reaction which tends to 
remove one tautomer will disturb the equilibrium relations; as predicted 
by the law of mass action, the tautomer which is removed will be replaced 
by sacrifice of the other tautomer. 

* The letter M represents any structure which may occur with the group in question. See 
page 209 for further discussion of tautomerism. 
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It seems probable that the alcohol type of acetaldehyde takes part in the 
reaction with halogens as follows: 

H II H 

HgC^-C— OH + CI 2 CICH 2 — C— 0| II IK 1 + CICH 2 — C=0 

I |Cl Chloroacetaldeliyde 

H H 11 

CICH 2 — C--() ^ C1C--C — OH 
H H H H H H 

C1C-=C— OH + CI 2 -> CI 2 C — C— 0| II -> HCl + CI 2 C— C=0 

[Cl Dicbloroacctaldcliydc 

Several repetitions of the above type of reaction would lead to the pro- 
duction of ClaCCIIO, trichloroacetaldehyde, or chloral. The fact that 
iodine will replace alkyl hy<lrogen of aji aldehyde, while unable to do so with 
saturated hydrocarbons, leads one to suspect this new type of reaction in the 
case of the aldehydes. Likewise, the speed of the reaction of halogens with 
aldehydes becomes rational if aldehydes can have an ethylene structure. 

H 

Chloral. Trichloroacetaldehyde or chloral, Cl 3 CC= 0 , whose forma- 
tion is shown above, is perhaps the most important of the chlorinated alde- 
hydes. This substance is an oily liquid with an odor suggestive of acetal- 
dehyde. As would be expected, chloral shows the reactions typical of 
aldehydes. It has already been shown that chloral forms a stable com- 
pound with water. The product of this reaction is a solid, chloral hydrate. 
It is used in medicine as a hypnotic. Technically chloral is made by pro- 
longed action of chlorine upon alcohol; oxidation to aldehyde is probably 
the first step of the synthesis. The aldehyde is next chlorinated to chloral 
which adds alcohol to form a hemiacetal, ( 13 (XTI( 0 H)C 2 H 6 . Treatment 
of this compound with sulfuric acid gives chloral. 

The hydrolysis of chloral yields chloroform and a salt of formic acid: 

CI 3 CCHO + NaOII HCOONa + HCCL 

Oxidation of chloral gives trichloroacetic acid; reduction gives trichloro- 
ethanol, CI3CCH2OH. Av^ertin (page 107) is made by reduction of tribromo- 
acetaldehyde. 

Iodoform, HCI3, is produced when ethyl alcohol or acetone is treated 
with iodine and alkali. We may assume that the alcohol is first oxidized 
to aldehyde by the iodine, after which iodine is taken up by the aldehyde, 
as indicated in the above equations showing the reaction with chlorine. 
Hydrolysis is the final step, by means of which iodoform and a salt of formic 
acid are set free. The number of reactions* involved in the transformation 
may explain why the iodoform does not immediately make its appearance. 
As said before, the iodoform test is not specific for ethyl alcohol. Any 
compound having the CHaCO group joined to C or H, or any compound 
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which (like alcohol in the above example) will yield this group, will give 
the test. The test has recently been improved by employing dioxane as a 
solvent. 

This reaction in which an alcohol, aldehyde, or methyl ketone Is treated 
with halogen and alkali to yield iodoform (chloroform, bromoform) is known 
as the haloform reaction. Acetaldehyde is the only aldehyde giving the 
test; hence ethyl alcohol is the only primary alcohol which responds. Of 
secondary alcohols, only those with the group — CH(OH)CH 3 give the test. 

Further Reactions of Aldehydes 

(1) Reaction 7viih phosphorus pentachloride. Replacement of oxygen 
by chlorine atoms: 

Cl 

H 11/ 

R— C=0 + PCI 5 POCI 3 + R— C 



Halogen compounds of this type revert to the original aldehydes on hydroly- 
sis. 

(2) Polymerization of aldehydes. Aldehydes resemble the true unsatu- 
rated compounds we have taken up (ethylene, acetylene) in the ease with 
which their molecules come together to form the aggregates called polymers. 
Thus, for formaldehyde several of these substances are known. 

Paraformaldehyde^ (IICIIO)*, a solid formed by evaporating an aqueous 
solution of formaldehyde. Heat regenerates formaldehyde from this 
substance; it is therefore employed for fumigation (“ParafornC’). 

Trioxymethylene^ (HCHO) 3 , a crystalline solid, formed from liquid 
formaldehyde. 

Formose, When formaldehyde is allowed to react for some time in 
dilute solution with calcium hydroxide, polymerization takes place in the 
sense of the following equation : 

6HCHO CgHisOg 

A mixture of substances is formed called formose, which in many ways is 
similar to the simple sugars (page 364). 

Acetaldehyde also forms more than one polymer. 

Paraldehyde. Acetaldehyde treated with a drop of concentrated sulfuric 
acid polymerizes violently to paraldehyde, a liquid of boiling point 124°, 
having the formula (CH 3 CHO) 3 . This substance shows none of the 
typical reactions of aldehydes, but may be converted to acetaldehyde by 
heating with dilute acid. Paraldehyde is employed in medicine as a 
soporific. 

Metaldehyde. When treated with acid at low temperature, acetaldehyde 
polymerizes to metaldehyde, (CH 8 CHO) 4 , a solid substance, which, like 
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paraldehyde, does not display aldehyde properties. Acetaldehyde is formed 
from metaldehyde when the latter is heated with sulfuric acid. The follow- 
ing structures have been proposed for paraldehyde and metaldehyde. The 
lack of aldehyde properties is illustrated by the absence of carbonyl groups 
in these structures. 



Paral- 

dehyde 


CH, 

/ \ 

Hr-CH HC-CH, 

\ / 

CH, • 

Fi< 3 . 27 . 


Metal- 

dehyde 


The lower members of the aldehyde scries (excepting formaldehyde), when 
treated with strong base, polymerize or condense to yellowish resin- or gum- 
like substances called aldehyde resins. 

(3) The aldol condensation. This is a type of reaction common to 
aldehydes, ketones, etc., by means of w^hich carbon atoms are brought 
together, resulting in production of a longer chain. The reaction, as shown 
below for acetaldehyde, takes place when this substance is treated with 
dilute alkali or zinc chloride. 

H H II II 11 

I I I I I A 

CII3— C =0 + CH3-O-0 -> CII3— C— C— C=K) -> H2O + 

II H H 

I I I 

CII3— c-c— c=o 

( ToloriJildeliydc 

In this reaction absorption takes place as if a molecule of aldehyde separated 
as follows: 

II H 

CH3— ii + CH2— C--0 

the two parts then joining to a second molecule of aldehyde in the same 
manner as in the addition of IICN, NII 3 , etc. 

n H H H II 

I I III 

CH,— C=0 + H + CHj— C==0 CH 3 — C— C— C==0 


O H 
H 

Aldol 


O H 
H 
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In reactions of this kind, the hydrogen absorbed is always on carbon next 
to a carbonyl (keto) group (so-called a hydrogen). The mobility of 
alkyl hydrogen atoms when situated next to carbonyl has already been 
discussed under the subject of tautomerism, page 145. Propionaldchyde or 
any other homolog of acetaldehyde would give a branched-chain compound: 


H CH3 


C2H5CIK) + CH3CH2CIIO 


I I 

CsHoC C— CHO 

I i 

A OH H 


2-Methyl-3-hy- 

droxypentanal 


C2n5CH(0II)CTT(CIT3)CJII0-~>H20 + C2Hr,CH=C(CH3)CHO 

2-Methyl-2-pentenal 


The substance 3-hydroxybutanal, obtained by condensation of acetalde- 
hyde with itself, has the type reactions of aldehydes, and also possesses a 
hydroxyl group; this accounts for naming it aldol (aZdehyde alcohoZ). 
When treated with dehydrating agents or distilled, crotonaldehyde is 
produced by loss of water. Ileactions of the type considered here are called 
condensations, A condensation is a reaction involving union between atoms 
in the same or different molecules (possibly molecules of two different 
compounds) to form a new compound of greater complexity, frequently 
‘of greater molecular weight. Aldol reverts in part to acetaldehyde when 
distilled, and aldol condensations in general are reversible. 

The aldol condensation has considerable importance in synthetic work; 
other examples of this reaction will occur from time to time in these pages. 
In a majority of these cases, a loss of water, as shown above, or alcohol 
or some stable compound, takes place as a second step in the process. A 
review of the reactions of aldehydes will show that the addition reactions 
with ammonia, hydrogen cyanide, etc. (page 142), take place in the same 
way as the first step in the aldol condensation, and that in some cases, 
(reaction with hydroxylamine, hydrazine, or phenylhydrazine) the loss of 
water occurs as with aldol, leaving as a final product a substance with a 
double bond. By definition these reactions are condensations. 

Polymerization reactions and condensations should not be confused. 
The chief distinguishing features of polymerization are (1) necessity of 
reaction between identical molecules.* (2) In many cases the formation 
of a mixture consisting of molecules of many different weights. In con- 
densation (1) we arc not restricted to the use of identical molecules, (2) 
the reaction usually leads to definite products and but few of them. See 
also page 208. 

(4) I liter molecular Oxidation-reduction, Acetaldehyde, when treated 
with aluminum ethoxide, oxidizes and reduces itself. One molecule forms 
ethyl alcohol while another is oxidized to acetic acid. The product of this 


* For definition of copolymerization, see page 504. 
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reaction (Tischenko reaction) is the ester, ethyl acetate. Other aldehydes 
react similarly to give esters. 

Reactions of Formaldehyde 

As was mentioned on page 95, the first member of the aldehyde series 
does not duiilicate all of the type reactions of the liigher members. The 
following examples will, therefore, show those instances in which the 
behavior of formaldehyde is different from that of the higher aldehydes. 

(1) Reaction with ammonia. Formaldehyde with 
ammonia forms a compound having the formula (CIl 2 ) 6 N 4 , 
called hexamethylenetetramine or urotropin (Methenamine, 
Formin). The proposed structural formula for the com- 
pound is shown in Fig. ^8. 

Urotropin liberates formaldehyde on treatment with 
dilute acids; it is used as a urinary antiseptic, also as a 
source of formaldehyde in some chemical apj)lications; as 
a vulcanization accelerator, chiefly however to make plastic 
resins. The reaction for its formation is as follows: 

6HCHO + 4 NH 3 61120 + (CIl2)6N4 
Action vnth sodium hydroxide (see page 491). 

2 IICHO + NaOII CH 3 OII + HCOgNa 

Methyl alcohol and formic acid (salt) are produced. Higher aldehydes 
give complex resins with strong bases. The type of reaction shown here, 
known as the Cannizzaro reaction, by means of which the aldehyde suffers 
simultaneous oxidation and reduction, will come up in the discussion of 
aromatic aldehydes. It occurs in the case of aldehydes which have no 
alpha hydrogen, that is no hydrogen on the carbon alpha to carbonyl. 
Acetaldehyde and higher aldehydes can undergo the reaction but with these 
the aldol condensation has much greater velocity and this is the main reac- 
tion observed under this particular treatment. 

(3) Aldol condensation. Formaldehyde apparently unites with itself 
as do other aldehydes, but the second step in a typical aldol condensation — 
loss of water — does not occur. In alkaline solution, formaldehyde produces 
by multiple condensation substances belonging to the sugar group, and 
having structures containing six carbon atoms. This reaction has already 
received mention under “polymerization,’^ pa-ge 147. See also page 364. 

H H H H 

HC=0 + HC==0 CH 2 — C=0 + HC=0 . . . etc. 

1 

OH 

H H H H H 

HsC— C— C— C— C— C==0 


2 * 

/ \ 

I 

H^C CH, CH. 

\\y 


00000 

H H H H H 
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(4) Reaction with acetaldehyde. In the presence of calcium hydroxide 
solution three molecules of formaldehyde react with alpha hydrogens of 
acetaldehyde. A fourth molecule acts as a reducing agent, being itself 
oxidized to formic acid. The product is pentaerythritol. 

411200 + CHaCHO HCO 2 H + C(CH20H)4 

Nitration of pentaerythritol gives the “tetranitrate,” C(CH20N02)4, a 
powerful military explosive. 

(5) Reaction to form resins. Formaldehyde forms resins with numerous 
organic compounds. Such resins form when molecules produced in a 
reaction are too large to give ordered crystalline formation. If an organic 
molecule has at least two reactive groups (exiimple, the reactive II and 
carbonyl of formaldehyde) it can unite an indefinite number of times with 
itself or with molecules of another suitable compound, unless interfering 
influences are present. As many molecules have the necessary bifunctional 
set-up, it is seen that resin formation is not at all unusual in the organic 
field. 

Formaldehyde gives useful resins with urea (Beetle), with casein (Galal- 
ith), and with phenol (Bakelite) (page 503). Ilesins will receive latei 
attention. 

Tests for Formaldehyde. Formaldehyde has often been used as a food 
preservative for which purpose it is considered to be harmful; therefore it 
has been necessary to have delicate tests to show its presence. In milk 
the presence of formaldehyde is shown by the addition of concentrated 
hydrochloric acid and a trace of ferric chloride. A purple color results. 
When a solution containing formaldehyde is mixed with a little resorcinol 
solution and carefully layered over concentrated sulfuric acid, a red or purple 
ring appears at the junction of the liquids. 

Reactions of Ketones 

As we have already mentioned (page 134) the ketones and aldehydes 
have a similar structure; both possess carbonyl group, but whereas in the 
aldehydes hydrogen atom is attached to carbonyl, in the ketones two alkyl 
groups are linked to carbonyl. Thus many of the reactions of these two 
classes are identical; however the aldehydes are, in general, more reactive 
than the ketones. The reactions of ketones are presented in the following 
examples. 

(1) Addition reactions of ketones. These reactions are in most cases 
similar to those of the aldehydes. They will be reviewed to show the 
likeness in structure of the compounds produced to those which the alde- 
hydes form with the same reagents. Only the reagent and the final product 
are shown in the list below, in which acetone is used as a typical ketone. 
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Reagent. 

HCN 


Hydrogen cyanide 


NallSOs 


Sodium bisulfilc 


Product. 

CHs OH 

\ / 

C 



This is better made from the bisulfite 
compound with NaCN (page 142). 


Acetone cyanohydrin 

CHa OH 


C 


/ \ 

CHa SOaNa 

Acctoncj bisiilfUe compound 


This reaction is shown tntly i)y those ketones in which one R group is methyl. 

CHa 


NH2OH 


Hydroxylainine 

H 

CallsNNHa 


Phenylhydrazine 


\ 

C--NOH 

/ 

CHa 

Aceloxime, Acetone oxime, Propanone oxime, a ketoxime 

CHa 

\ H 

C=N—N— Celia 

/ 

CHa 

Acetone phenylhydrazone 


The cyanohydrin is useful for synthetic work since its hydrolysis gives 
a hydroxy acid. The bisulfite compound is but slightly soluble in the 
presence of sodium bisufite; it is made to separate acetone from a mixture 
with other compounds. Treatment with base regenerates acetone. The 
oxime is a solid and may be used to identify acetone. The derivative with 
semicarbazide (a semicarbazone) is also useful for identification. 

(2) Oxidation, A mixture of acids is produced when a ketone is oxidized. 


Example : 


CHs 

\ 

CHaX 


Oxid ^ 

-o > CII3— C— on + IlaCOadliO + CO2) 


Since oxidation of a ketone involves rupture of a bond between carbon 
atoms, it will be understood that they are oxidized with greater difficulty 
than are the aldehydes. Thus ketones are unaffected by Pehling’s solution 
or ammoniacal silver nitrate solution. 

(3) Reduction. A secondary alcohol is the product of reduction of a 
ketone. 
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lledn 

CH 3 COCH 3 > CH 3 CIIOHCTI 3 Isopropyl alcohol (see ( 2 ), page 140) 

m 

Diterliary glycols (piiiacols) irijiy also be formed during reduction by 
magnesium in alkaline solution. An aluminum alkoxide may be used in 

CH, cii., n II C 1 I 3 

\ R.-a» \0 0 / 

2 C=() - — > C%-(^ 

/ 2H / \ 

CII3 CII3 CH, 

the reduction of an aldehyde or a ketone. The reaction is catalytic and is 
confined to reduction of the carbonyl group. This is advantageous; other 
reducing combinations may and do affect other functions besides the car- 
bonyl group. For details of the method see reference 10, page 161. 

(4) Reaction of acetone with chloroform. Formation of chloretone : 

CII3 OH 

\/ 

O + IICCI3 — > C Chlondxine, Chlorobutanol 

/ \ 

CH3 cci, 

This reaction will be noted as similar to the reaction with IICN, NH 3 , etc. 
The product has value in medicine as a hypnotic, a local anesthetic. 

Differences between Aldehyde and Ketone Reactions. Oxidation is 
more difficult with ketones.* Hence, solutions containing silver or copper 
ions, which arc promptly reduced by the lower aldehydes are not affected 
by ketones. The oxidation of an aldehyde yields a single acid; that of a 
ketone a mixture of acids. Ketones do not readily form substances analo- 
gous to the acetals. (However, in this connection, see the next paragraph.) 
Ketones do not polymerize. Ammonia reacts with them to form complex 
condensation products. The Schiff reaction generally fails, though acetone 
does give the test after some time. 

Further Reactions of Ketones 

(1) The thioalcohols form compounds with ketones similar in structure 
to the acetals, although oxygen alcohols do not react in this manner with 
them.f Thus acetone reacts with ethanethiol as follows: 

* That is, with unsubstituted ketones; those which have a hydroxyl group on the carbon 
next to carbonyl are oxidized by Fchliiig solution or ammoniacal silver nitrate solution (see 
page 351). 

tThe ketone-acetals may however be made by indirect synthesis. They are easily 
hydrolyzed by dilute acids. 


CH3 

\ 

c= 

/ 

CH, 


Pinacol, (Pinaconc), or Tetra- 
methyl ethylene glycol 



ALDEHTDE8 AND KETONES 


155 


CHs 


CH 3 


\ H 

c=o 

' H 


OHa 

SC2H5 \ 

H 2 O + C(SC2Hb)2 
SCsHb / 

CHa 


The product obt.aiiicd from this reaction yields sulfonal when it is oxidized. 
OH;, CH;, SOj - C2II6 

\ ()xi,l \ / 

C(SC2H5)2 > c 

/ / \ 

CII3 CII3 S02-C2IIB 

Sulfonal 

Trional and Teironal arc^ formed by a similar series of reactions. 


CII3 


\ 


C 2 II 6 


/ 

C 2 H 6 


C(S02C2IIb)2 


C 2 H 6 


\ 

I 

/ 


C(S02C2lIb)2 


Trional 


'JVtroiial 


Sulfonal and trional have been employed in the field of medicine as hypnotics 
and sedatives. Tctronal has greater hypnotic power than sulfonal, but 
is very slow in its action. 

(2) Reaction with phospkorns pentachloride. This reaction is in all 
respects similar to that of aldehydes with this reagent. 


CH3 


CH 


+ PCI5 rocu + 

/ 


CH 3 

\ 

ca2 

/ 

CH 3 


2,^^-Dichloropropaiie 


(3) Aldol condensation. Acetone, treated with HCl, condenses with 
itself to form mesityl oxide: 


CHs 


CHs 


\ 

( 

/ 


c==o + 


o 

II 

H + CH*— C— CHs 



CHs O 

\ H 11 

H 2 O + C=C— C— CH 3 Mesityl oxide 


CHg 
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By a repetition of this reaction, phoronc is formed; 


CHb 


CH3 


\ 

( 

/ 


c=o + 


O CH 3 

li H / 

H + CH 2 — c— c==r 

\ 

CII3 

CHa 


1 


OH 


C- 


m 


o 


11 


CHa 


CH, O 

\ H II H , 
•H2O+ C=€— C— C 

/ 

CH3 


CH3 

CH3 

/ 


-c—c—c-^c 

H \ 


CH3 


Phoronc 


When acetone is comiensed in j)resence of barium liytlroxide we obtain 
diacctone alcohol: 


CH 3 


O 


CII 3 OH O 

\ II \ / I! 

CO + H— CII 2 — C-CII 3 C— CHs-C- CHa 

/ / 

CH 3 CH 3 

Diacctone alcohol 

This is recommended as a solvent because it is both an alcohol and a ketone. 
When it loses water it yields mesityl oxide. 

Acetone or another ketone may undergo aldol condensation with an 
aldehyde. Such a reaction is shown below, using acetaldehyde as an 
example: 

CH 3 O 

H \ H i| 

CH 3 C=K) + CO CHa—C— CH 2 --C- (HI 3 

/ I 

CHs OH 

Some aldol is also produced but the acetone does not “accept” the aldehyde 
in an aldol condensation. This again shows that the carbonyl group is 
more active in the aldehyde than in the ketone. 

(4) The Haloform Reaction, The formation of iodoform from acetone 
will illustrate this reaction. The probable steps are as follows : 

(a) Alkyl hydrogen is replaced by iodine: 

CHa ICH 2 

\ \ 

C =0 + I 2 HI + C -=0 

CHa"^ CIU 
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Sec p. 144 for probable explanation of this replacement. The tautomeric 
forms of acetone which correspond to those shown for acetaldehyde are: 


CHa 

II 

\ 

0 

C— 0 

1 

/ 

CH3=C— CH, 

CH3 


Keto form 

Enol form 


(most stable form) 


As in the case of acetaldehyde we know the enol form only through its 
derivatives. In the equilibrium mixture of keto and enol forms which 
undoubtedly exists in a sample of acetone, very little enol is present. The 
shift from one form to the other must be rapid. Thus, when we hydrolyze 
2 -bromopropene, CH2“CBrCIT3, we get not CH 2 =C(OH)CIl 3 , but 
acetone. 

(b) Further treatment with iodine leads to the production of triiodo- 
acetone: l3C(CO)CH3. 

(c) Hydrolysis of the iodo compound with alkali gives iodoform and a 
salt of acetic acid: 

I3C .. 

\ 

(;-=0 + NaOH -> CH3— C— C)Na + HCI., 

/ 

II3C 

In the laboratory chloroform is often made by the action of bleaching 
powder upon acetone. The reaction is complex; it is sometimes explained 
by assuming that the bleaching powder is a source of chlorine and of calcium 
hydroxide, which act in a manner analogous to that shown above for the 
synthesis of iodoform: 

2CH3COCH3 + 3Ca(OCl)2~^3Ca(OII)2 + ^CClsCOCHg 
2CCI3COCH3 + Ca(OH)2 (CH3C02)2Ca + 2IICCI3 

The preparation of chloroform from alcohol and bleaching powder is 
explained similarly. 

Chloroacetone, CICH2COCH3, bromoacetone, and iodoacetone are 
easily made from the corresponding halogen with an excess of acetone. All 
ate lacrymatory; the first two were used in World War I. Bromoacetone 
soon displaced chloroacetone as it is a more powerful lacrimator. 

( 5 ) Reaction with sulfuric acid. When a mixture of acetone and con- 
centrated sulfuric acid is distilled, trimethylbenzene (mesitylene) passes 
over. This compound is formed by the condensation of three molecules of 
acetone, with loss of three moleciJes of water. 
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CHa 

I 

H— C— 


112 

O 


o 

II 2 


- H 


HjSO, 

> 311., O 


CHs 

f/V 

+ I 

HsCX/cHs 

MesilylciK* 


HaC— C— Hadh C -CII 3 

II 


MesiLylene belongs to the ring or uroinutie eoinixiunds, this reaction forming 
one method of passing from aliphatic to aromatic series. (See j>age 406.) 

Unsatubated Aldehydes and Ketones 

These substances contain the structures of iinsaturated liydrocarbons 
together with aldehyde or ketone grouping. As would be expected, they 
combine the reactions common to the two groups in the compound. 

Examples : 

Acrolein or acrylic aldehyde. The formation of this aldehyde by the 
dehydration of glycerol is shown in the following equation: 

CH 2 OH CH 2 OH CH 2 OII CII 2 

I KHS()4 1 I A !! 

CHOH ^ H 2 O + CH CII 2 H 2 O + c:h 

I Heat li I I 

CII 2 OH CHOH C=0 C--() 

Glycerol H H 

Acrolein 

When fats are overheated some acrolein is produced from the glycerol which 
is released by hydrolysis of the fats. 

Acrolein has a piercing disagreeable odor. Such a substance may be 
used as a “warning agent” in a refrigerator or a commercial gas line to call 
attention to a leak if even a small amount of gas escapes. Acrolein was 
used as a tear gas in World War I but was not a success. Crotonic 
aldehyde, whose structure and preparation are set forth on page 148, is an 
example of an unsaturated aldehyde; further examples will be found in 
the chax)ter on terpenes. Crotonaldehyde is effective as a warning agent 
in gas in a concentration of one pound to 1,000,000 cu. ft. Examples of 
unsaturated ketones have been presented in mesityl oxide and phoroiie. 

Uses of Aldehydes and Ketones 

Formaldehyde is dispensed in the form of a 35-40% solution, known as 
formalin, also in the form of its solid polymers. It is used as a germicide 
and disinfectant and to preserve foods. It has also the power of hardening 
and preserving albuminous tissues and is used as an embalming agent and in 
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leather tanning. Due to the extreme reactivity of formaldehyde towards 
many different substances it finds application in the entire field of synthetic 
chemistry, especially in the preparation of dyes and plastics (about 75 % 
of the formaldehyde produced in 1941 was used for plastic manufacture). 

The use of acetaldcliyde in the form of paraldeliyde has already been 
mentioned. Paraldehyde is iisefid for making vulcanization accelerators 
and other synthetic compounds. Many synthetic uses of acetaldehyde 
have been indicated in this chapter. Aldol and crotonaldehyde are both 
, important compounds for synthesis. In addition crotonaldehyde has impor- 
tant applications as a solvent. Higher aldehydes are used in perfumes. 

Quite a number of ketones, both symmetrical and unsymmetrical, have 
be(m made and studied. Tliose most uscmI at present are acetone and ethyl 
methyl ketone. Acetone is principally useful as a solvent (gums, resins, 
lacquer comi)oiients) «and for synthesis of iodoform, sulfonal, and other com- 
l)ounds. We note its use in large amounts in the preparation of safety 
glass, cellulose acetate plastics, dyestuffs, explosives. U. S. .sales for 1939 
topped 100,000,000 pounds. 

Isobiityl methyl ketone (Tlexone) is a valuable solvent for nitrocellulose 
and gums, and in preparing lacquers with the vinylite resins. Other ketones 
find similar uses. Those marketed include diisobutyl ketone, amyl methyl 
vketone, phoronc, mesityl oxide, acetonylacetone, [(CH 3 CCH 2 ) 2 ]. 

O 

Detection and Identification of Aldehydes and Ketones. Aldehydes 
and ketones arc neutral substances, therefore no more soluble in acid or 
base than in pure water. Only the first few members of the series are 
completely water-soluble; water-insoluble aldehydes and ketones dissolve 
in cold, concentrated sulfuric acid. Tests useful for the detection of the 
chief function of these compounds have been given in the discussion and 
are summarized on page 774 where identification is further discussed. 

REVIEW QUESTIONS 

1 . Write graphic formulas for: (a) Bulyraldehyde; (b) Ethyl isopropyl ketone; (c) Butyl methyl 

ketone; (d) 2-Methylbutanal; (c) 3-Methyl-heptanone-4. 

2. What substance when oxidized would yield the following: (a) lh*opionaldehyde? (b) Ethyl 

methyl ketone? (c) Butanal? (d) 3-Pentanone? 

3. Show structures of compounds formed by the reaction of propionaldehyde with: (a) HCN; 

(b) Nlla; (c) NallSOa; (d) NH 2 OH; (e) CijHfcNH NHa; (f) CslbOlI. 

4. Write structural formulas of the derivatives formed from 2-butanonc and the reagents 

listed above. 

5. Outline the stei)s by which bromoform is produced from ethyl alcohol, bromine, and KOH 

solution. 

6. Write formulas for the compounds which would be formed by the rearrangement of the 

following; (a) CH 3 — CH==CHOH; (b) (CH 3 ) 2 C=CHOH. 

7. What substances could be formed by the condensation of acetaldehyde with acetone? 

8. Write formulas for the products of oxidation of: (a) Bulyraldehyde; (b) Methyl propyl 

ketone. 
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9. Show the steps by which iodoform may be made from iodine, methyl ethyl ketone, and 
KOII solution. 

10. How could the following mixtures be separated: (a) Ether and acetone? (b) Acetone and 

methyl alcohol? 

11. A certain substance is either an alcohol, an aldehyde, or a k(‘t(>ne. Whal tests could be 

used to determine its identity? 

12. Give structures of substances having the formula ('sHbO, and stale clearly how they may 

be distinguished from each other by use of definite tests. 

13. Explain how acetaldehyde could be used as a source of compounds having a four-carbon 

chain. 

14. Why not write the formula for an aldehyde IK ’OH instead of RGHO? 

15. Will aldol reduce Fehling’s solution? Wliy? 

16. Give clear definitions for the following terms: condensation; bisulfite compound; poly- 

merization; Fehling’s test; Schiff’s test. 

17. When O 2 and ethylene are heated to a high temperature, smiie formaldehyde is produced. 

Can you explain? 

18. Would you expect metallic .sodium to react with an aldehyde or a ketone? Why? 

19. What are the “functions” of acetaldehyde? List reactions specific for each function 

named. 

20. Make a chart showing the relationships of acelahhdiyde to: (a) Ethylidene chloride; (b) 

Acetylene; (c) Ethyl alcohol; (d) Acetic acid. 

(H)21. When acetaldehyde is treated with acetic anhydride, ethylid<*nc diacetate, CIGCII- 
(OCOCHs) 2 » is formed. What does this show with reference to the structure of ace- 
taldehyde? 

22. Discuss the action of bases upon aldehydes. 

23. Why should condensation reactions or additions be difficult in the case of a ketone with 

large and highly branched groups attached to the carbonyl radical? 

24. Why should diacetonc alcohol be a good solvent? Should it be more or less water-soluble 

than mesityl oxide ? (Check your answer by reference to a handbook.) 

25. Which is a more “definite” reaction, condensation or polymerization? Explain your 

answer. 

26. What tests decisively show' that a given compound is an aldehyde, not an alcohol ? 

27. A compound is suspected of being an aldehyde. Outline the tests w hich should be applit‘d 

to it and the outcome of each test, if the compound is indeed an aldehyde. 

28. Write a graphic formula for trioxymethylcne. 

29. Write a balanced equation for the oxidation of ethyl alcohol to acetaldehyde, using as 

oxidizing agent pota.ssium dichromate (with w'ater and sulfuric acid). The end- 
products are aldehyde, w^ater, and the sulfates of pota.ssium and chromium. 

30. Write equatbns for reactions of formaldehyde which are not common to higher aldehydes. 

31. Can trimethylacetaldehyde undergo aldol condensation with itself? Why? (’an it 

“accept” acetone in an aldol condensation? Why? 

82. Indicate how a mixture of acetone, methanol, and acetic acid may be separated. In what 

commercial process is such a mixture secured? 

83. Four liquids are said to be ethyl iodide, acetone, n-butyraldehyde, and hexane. Outline n 

small number of decisive tests to establish the identity of each liquid. 

84. What solid compounds are used to identify aldehydes and ketones? Write equations 

showing reactions used to form these derivatives from diethyl ketone. 

35. What is tautomerism? How is it known that acetaldehyde is a tautomeric compound? 

36. Write a list of specific medical applications of two aldehydes and one ketone mentioned 

in this chapter. 

87. Discuss those points in which chloral differs from a typical aldehyde. 

38. Illustrate the following transformations by the use of equations. 
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(a) CaHsOH to HCI,; 

(b) CHjCOzH to (CH 8 ) 2 C 0 ; 

(c) C 2 H 5 OH to CH 3 CH( 0 C 2 H 6 ) 2 ; 

(d) C 2 II 6 OH to ClhCliai, 

39. Write graphic formulas of three compounds with the molecular formula'CJIsO. V^^ill any 

one of these compounds give the iodoform test? 

40. * The compound (A) contains 69.77% C and 11.63% H. Its vapor density (H 2 == 1) is 43. 

(A) docs not reduce Feliling solution. It does, however, form a bisulfite compound, 
and it gives a positive iodoform test. What is its structure? 

(R)41. Analysis of the compound (A) gives the following results: combustion of a 0.050 g. 
sample yields 0.1257 g. CO 2 and 0.03857 g. II 2 O. When (A) is treated with bromine- 
water the compound (B) containing 69.57% Br is formed. Reaction with HI gives 
(C) which contains 64.13 % iodine. Treatment of (A) with a mild oxidizing agent yields 
the monocarboxylic acid (D). A 0.20 g. sample of (D) requires 24.22 cc. of 0.096N 
NaOH solution for its neutralization. Write equations for the reactions discussed here. 
Give a set of equations showing the synthesis of (D) from ethylene. 

42. The compound (A) is a colorless liquid of unpleasant odor, soluble in water, alcohol, and 
ether. It reacts with sodium, but does not reduce Fehling solution. Mild oxidation 
of (A) witli dilute permanganate solution yields the compound (B) which contains 
64.30% (/ and 7.14% H. (B) will reduce ammoniacal silver nitrate solution. Reac- 
tion of (B) with bromine-water yields the compound (C') which contains 74.1% Br. 
Indicate by a series of equations how the compound (B) may be made from 1,2,3- 
trichloropropane. 
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MONOCARBOXYLIC ACIDS, TIIIOACIDS, SALTS 

Monocarboxylic acids form a large and interesting group of compounds, 
whose representatives and derivatives are widely distributed in nature. 
Several of tlie lower members are found free in nature; those with more than 
four carbon atoms are present as glycerol esters in the natural fats and oils. 
Traces of palmitic, oleic, linoleic, and linolenic acids have been found in 
starches. Naturally occurring acids from Cio on have normal chains and, 
with but few exceptions, they have an even number of carbon atoms. The 
acids are extremely adaptable compounds, forming a number of important 
derivatives, the properties of which make them useful in chemical synthesis 
and in the arts. 

Organic acids, like other acids already familiar to us, taste sour in 
water solution, redden blue litmus paper, and neutralize bases to form salts. 
Aldehydes, ketones, and certain alcohols, although they do show very faint 
acidic properties in that they permit replacement of a hydrogen atom by an 
active metal, are not classed as acids because their acidic powers are too 
feeble, and are shown only with special conditions. 

We have noted (pages 102, 140) that acids are obtained by the oxidation 
of alcohols or aldehydes. 

RCHs RCH2OH RCHO RCOOH 

These are the monocarboxylic acids;* in them the oxidized carbon atom has 
reached its third stage of oxidation. Further oxidation would produce 
carbon dioxide. 



The C — OH group is called carboxyl, a name made up from carftonyl 
(C=0) and hydroxyl (OH). Due to their possession of this group, the 
acids here considered are often termed carboxylic acids. The saturated 
members of the group are called fatty acids, since many members of the 
series may be obtained by the hydrolytic decomposition of natural fats; 
moreover, the higher members are somewhat similar in physical properties 
to the fats. Saturated monocarboxylic acids form a homologous series 
with the formula CnH2n02. 

The structural formula for a monocarboxylic acid is usually printed as 
RCOOH or RCO2H, in order to use but one line of space. Carboxylic 

* There are other types of acids; see, for example, pages 322, 437. 
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acids are known with two or more carboxyl groups per molecule. Con- 
sideration of these substances will be deferred to a later chapter. 

Physical Properties of the Saturated Monocarboxylic Acids 

The lower members of the series of acids (up to Cion2o02) are liquids. 
The first three members have a sharp and irritating odor and sour taste, 
while the remainder of the li(|uid acids have a foul unpleasant smell. The 
boiling points in this series begin at 10()°C; this is higher than observed for 
any of the series of previous chapters. The first three acids are completely 
water-soluble; number four is slightly soluble, and from this point the 
solubility lessens, and from the C 12 acid on it is negligible. Lower acids 
(to Cio) are volatile in steam, but those with more than ten carbon atoms 
cannot be distilled with steam. The solid acids are wax-like and have a 
soapy or greasy “feel.” Tiny arc practically odorless. In the table 
below the formulas, boiling points, and other constants of a number of these 
acids arc listed. For additional data sec page 215. 

Tahl.e 14 . — Constants of Nohmal. Monoc^arboxyiac Saturated Acids 


Coninion naiiu 


Formic . . . . 

Acetic 

Propionic. 
Butyric. . . 
Valeric. . . . 
Caproic. . . 
Enanthic. . 
Caprylic. . 
Pelargonic 
Capric. . . . 
I Tndecylic . 

Laurie 

Myristic. . 
Palmitic. . 
Stearic . . . . 


Inspection of the table above will show that the melting points of the 
acids if plotted against the number of carbon atoms would give a zig-zag 
line. Actually the melting points lie on two curves, that of the odd- 
numbered members lying below the other. The higher melting points of 
the even members is attributed to the greater symmetry of their molecules, 
which in turn implies stronger attraction between them. 

Methods of Preparation 

Saturated monocarboxylic acids are prepared by the following 
methods. 


Official name 


Mctliaiioic 

Ethanoio 

Propanoic 

Bulanoic 

Pentanoic 

Hexanoic 

lloptanoic 

Octanoic 

Nonanoic 

Decanoic 

Hcnclecanoic 

Dodecanoic 

Tetradecanoic 

Hexadccanoic 

Octadccanoic 


Formula 


UCO2U 

CII3CO2H 

C2H6(02ll 

C3H7CO2H 

(4119(0211 
( filliiCOoH 
CcHiaCOzll 

( 7 U 16 CO 2 H 
C8H,7((l2ll 
C »11 1 9(^02!! 
CloH2,(02lI 

011H23CO2IT 

C13H27C02II 

Ci7H85C()2n 


M.p., 

8.6 

16.7 

- 22.0 

- 4.7 
- 84.5 

- 1.5 
- 10.0 
+ 16.0 

12.5 

31.5 
29-30 

48.0 

58.0 

64.0 
69.3 


B.p.. 

^C. 


100.8 

118.1 

141.1 

163.5 

187.0 

202.0 

223.5 

237.5 
254 
268.4 
228^8« 
2251”“ 

250 . 5 i ‘»« 

269"'0 

287i«f’ 


Sp- g-, 

2074 ® 


1 .220 
1.049 
0.992 
0.959 
0.942 
0.922 
0.918 
0.910 
0.907 
0.889 

0.883 

0.853^0 

0.8497« 

0.847 


lit. of 
comb. 

62.8 

209.4 

367.2 

524.3 
681.6 
831 
986.1 

1287 

1458 

1616 

1772 

2086 

2398 

2711 
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(1) By the oxidation of the corresponding* alcohol (primary) or alde- 
hyde: 

Oxid H Oxid 

C2H5OII ^ CH3— C=-(> > CH3— c- OH Acetic acid 


In laboratory work a dichroinate in sulfuric acid solution may be used for 
the oxidation. The saturated acids arc quite resistant to oxidation ; there- 
fore the reaction indicated here may be carried to completion without fear 
of destroying the acid. When an aldehyde is being formed by oxidation 
of an alcohol the situation is quite different (page IJUJ). Higher acids of this 
series may be made by oxidation of paraffins by oxygen (air) ; partial oxida- 
tion gives mixtures of alcohols of high molecular weight. 

(!^2) By the hydrolysis of the corresponding nitrile: 

HCl 

CH3 -C=N -b 2II2O >NH4C1 + CH3COOH 

Because of this reaction, the cyanides are called the nitriles of the acids they 
yield on hydrolysis; thus, CH3 — CN, methyl cyanide, is called acetonitrile. 
The student will note that this synthesis completes the series beginning 
with a primary alcohol and ending with an acid having one more carbon 
atom, i.e., ROH — > RI RCN, etc. 

(3) By hydrolysis of an ester of the desired acid (page 206) : 


CH^C— OC.H, + H,0 C JliOn + CH^C-OH 

As many of the esters are found in nature, we are able by their hydrolysis to 
secure acids and alcohols at one step (page 97). A very important example 
of this reaction is found in the hydrolysis of fats (Chapter X). 

(4) By the general method used in inorganic chemistry, “Distil a mixture 
of the sodium salt of the desired acid with a stronger, less volatile acid.’^f 
Thus, for acetic acid, we use sodium acetate and sulfuric acid: 

A 

CHgCOONa + H2SO4 NaHS04 + CH3COOH 

In preparation of higher acids with high boiling points it is more practical 
to extract them from the water solution (with ether) than to distil them. 

(5) Another method of preparation involves the reaction between an 
alkoxide and carbon monoxide gas : 

Heat 

CH,ONa + CO > CHgCOONa 

* By the term “corresponding” is meant a compound with the same skeletop structure of 
carbon atoms as the substance under consideration. 

t It is obvious that there should be no possibility of a chemical reaction between the acidic 
reagent and the organic acid being produced* 
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Carbon monoxide reacts with alcohols when at a temperature of about 
320° and a pressure of about 150 atmospheres. A catalyst of phosphoric 
acid and copper phosphate is used. The method has been applied to a 
number of the lower alcohols giving acids (plus one carbon atom) in good 
yield.* 

(6) By means of tlic Grignard reaction which is taken up in detail on 
page 569 and following i)ages, wc are able to make the carboxylic acids. 

(7) By employnuint of acetoacctic ester or malonic ester, certain special 
acids may be made. The reactions will be better understood after a study 
of these esters has been undertaken (see page 210). 

Acetic acid is obtained commercially in three ways: by the dry distilla- 
tion of wood, a process which also yields methyl alcohol, acetone, and other 
substaiic(\s; from the bacterial fermentation of ethyl alcohol or cider or wine; 
from acetylene through the intermediate formation of acetaldehyde (page 
66). This is oxidized catalytically by air in the presence of manganese 
acetal <\ 


It is iiitcTtvstirig to note that acetic acid is the first orgunic compound which was completely 
synthesized in the chemical laboratory from the elements. The steps are as follows: 

C + CSi 

CI 2 A CI 2 II 2 O KHg 

CS 2 — ♦ ecu ChC^CCh ^ (laCCXlgH ^ CH 3 CO 2 H 

Sunlight 
(Kolbe, 1845) 

CiiKMicAL Reactions 

The set of equations given in the next section illustrates the following 
reactions of saturated monocarboxylic acids: replacement of carboxylic 
hydrogen or hydroxyl group, replacement of hydrogen on the carbon next 
the carboxyl group. The loss of carbon dioxide from the carboxyl group 
by pyrolysis has already been illustrated (page 28). Another method is 
given on page 167. 

The reactions of the monocarboxylic saturated acids are of two kinds; 
(1) those affecting the acid group (carboxyl group), which yield substances 
called “acid derivatives’’ and (2) those affecting the alkyl group of the acid, 
giving the “substituted acids.” Important representatives of the acid 
derivatives are the following: 

* Heating an alcohol to about 320® with MaOH solution gives the salt of the corresponding 
acid: 


A 

R( H 3 OH + NaOH 2 H 2 -h llCOaNa 


This method has been used successfully with several short-chain alcohols. 
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(a) Salts. 




.0 


CIIs— C— OH + NaOH -» HjO + CH,— C— ONa Sodium acetate, a 

salt 

(h) Esters. 


.0 




CHs— C— OH + CsHsOII H 2 O + CHa— C— Ot'jHc Ethyl acetate, 

an ester 

(c) Acid anhydrides. 

CII3C--O 


//^ 

aCHs— C- OH - 11.0 

(d) Acid halides. 


o 

/ 

CIHC^-O 


Acetic anhydride, an 
acid anhydride 






o 


CHa— C— OH + rcu POCI 3 + HCl + Cllj - 0—01 Acetyl chloride, 

an acid halide 

(e) Acid amides. 






A 

CII3— C— OH + NH3 II2O + CII3— C- NH2 Acetamide, an acid 

amide 

Among the substituted acids, we are particularly interested in those which 
follow : 


(a) Halogen substituted acid. 

CH3COOH + CI 2 HCl + CICH2COOH Chloroacetic acid 

(b) Hydroxy acid. 

CICH 2 CO 2 H + 2KOH KCl + H 2 O + HOCH 2 CO 2 K Hydroxyacetic 

acid (salt) 

(c) Amino acid. 

CICH2CO2H + 3NH3 -> NH4CI + H2NCH2CO2NH4 Aminoacetic acid 

(salt) 

The modifications of the fatty acids which have just been passed in brief 
review show the great adaptability of the acids, while introducing new and 
interesting compounds, each of which in turn is capable of many applica- 
tions. These substances, esters, anhydrides, etc., will be separately dis- 
cussed in ensuing chapters; the salts alone will receive attention in the 
present chapter. 

Additional Reactions of Acids. 

(1) Formation of ketones. Acids heated in contact with certain 
catalysts lose the elements of carbonic acid and form ketones. As an 
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example we have the formation of acetone from acetic acid passed over hot 
manganese oxide or thorium oxide: 


A 

^CH 3 C 02 H -> CO 2 + H 2 O + (CTl 3 ) 2 CO 


(2) Heating acetic acid alone io 500° causes an internal loss of water. 
The highly unsaturated compound ketone is formed in this way (see page 
290). 

A 


HaC- 

ri' 


■C ==0 

OH I 


H2O + CH2--C--O 


Ketene 


(3) The electrolysis of a concentrated solution of potassium or sodium 
acetate gives a good yield of ethane (Kolbe synthesis, 1849). The acetate 
ion when discharged at the anode becomes unstable, losing carbon dioxide 
and liberating a free methyl group. Two such groups unite to form ethane. 

2Cll3C()2~ 2CH3C02° 2CO2 + 2CH3 

CH3 + CHs C2H6 


This reaction, while not universally applicable, can be used with many acids 
to form saturated hydrocarbons as shown here. 

Discussion of Reactions. Heats of Combustion. A survey of the 
reactions given for the acids shows that when an acid derivative is made 
from, an acid, water is almost invariably a by-product (all cases cited but the 
formation of acid halides). Other reactions show a loss of carbon dioxide 
(production of methane, ethane, acetone, aldehyde), or of carbonic acid 
(production of ethane, of acetone). 

The loss of carbon dioxide is typical of the carboxyl group; we shall note 
many instances of this reaction in later chapters. Due to the fact that the 
electrons in this group are already practically in the positions they occupy 
in carbon dioxide, the carboxyl group furnishes no heat on combustion. 
We calculate the heat of combustion of a simple acid like acetic by counting 
all electrons for C — C and C — H bonds as we did with saturated hydro- 
carbons (page 69). The carboxyl group is ignored in the calculation 
(Kharasch method). 

Structure of Acetic Acid 

The structure of acetic acid follows from a consideration of analytical 
data and chemical reactions. The compound has the molecular formula 
C2H4O2. 

One and only one of its hydrogens is replaceable by sodium to form a 
salt; this gives us C2H3O2 and H. 

The three remaining hydrogens may be replaced by chlorine or bromine 
atoms. This reaction, typical of methane and its congeners, seems to 
indicate the presence of a methyl group. 
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Now we may obtain acetic acid through the hydrolysis of methyl 
cyanide, CH3CN, or through oxidation of acetaldehyde, CH3CHO. Fur- 
thermore when we heat sodium acetate with soda lime we get methane. 
These reactions, which involve the foT7nation of the compound and its degrada- 
tion all lead to the same conclusion: acetic acid contains the methyl group. 
We are also assured that acetic acid has a C — C group. 

When PCI3 reacts with water, P(OH)3 is formed and Cl replaces the 
OH group of water. The same type of reaction occurs when this reagent 
is used with an alcohol, i.e.. Oil is replaced by Cl. 

3 Hon + PCI 3 3 nci + p(oh )3 
3ROH + PCI 3 3RC1 + P( 01 I )3 

Now, when acetic acid reacts with PCI 3, we again have O and H simulta- 
neously removed and Cl left in their place : 

3C2H4O2 + PCI3 3C2II30C1 + P(0H)3 

This reaction proves the presence of an OH group in acetic acid, which is 
confirmed by other reactions besides that with sodium listed above. The 
formula is now complete to the extent shown below: 

/• 

CH3 — C — OH. The remaining oxygen apparently belongs on the 
carbon atom which holds the hydroxyl group. Thus we come to the formula 
commonly used. The structure of other acids has been worked out in a 



manner similar to the above. While the formula RC — OH is ordinarily 
used for the fatty acids it does not give complete satisfaction. These acids 
are associated. This is x>art of the reason for their high boiling points 
mentioned before, and the association must occur between carboxyl groups, 
no doubt causing some alteration in the electronic structure. Physical 
data (absorption spectra) are quite different for free acids and certain 
acid derivatives (esters). As the esters are non-associated (low-boiling) 
compounds, it again seems unlikely that the free acids can have an arrange- 
ment of carbon and oxygen just like that of the esters. 

In a case of this kind chemists continue to seek diligently for a formula 
which will typify truly all of the chemical behavior of a compound,' but 
meanwhile use a formula best adapted to show most of the salient facts. 
For acids this has the carboxyl group. Very likely many of the “reactive 
molecules” in a sample of an acid actually have the arrangement shown in 



R — C — OH. Others may assume this arrangement at the moment of 
reaction. 

We may also suppose that an acid in water solution adds water as shown 
below: 
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OH 

/ 

RCO 2 H + H 2 O ^ R~ C~ OH 

\ 

OH 


A reaction of this kind has been shown to occur with aldehydes. The syn* 
thesis of derivatives of formula RC(OR )3 shows that this polyhydroxy 
compound is at least capable of existence 
and at any rate justifies the use of the 
carboxyl formula for a “reacting mole- 
cule.” The formula for the associated 
acid is discussed later (page 174). 

Ortho Acids 

The compound of formula HC(OH )3 is called 
orlhoformic .acid; called orthoacelic 

acid. Ortlioformic acid might be made by the 

hydrolysis of chloroform; however this rea<-lion 20. -Model of acetic acid molecule, 

actually gives formic acid and water (see equation, 

page 175), presumably because of the instability of the ortho acid. 

H(:(0II)3 IhO + IK 0011 

The alkyl derivatives of ortho acids are known; these are called ortho esters. The follow- 
ing equation shows preparation of ethyl orthoformale from chloroform and sodium ethoxide: 

UVi 'h + SEtONa ->3NaCl + HC:(0Et)3 

Ortho esters hydrolyze easily in presence of acids; bases do not catalyze the hydrolysis. 



Functional Groups of Acids 


In previous pages, it has several times been intimated that the groups in 
organic molecules tend to preserve their typical reactions in the various 
compounds in which they occur. These separate groups are often called 
functions, e.g., the carbonyl function, hydroxyl function, etc. In general, 
as stated above, a functional group will preserve some of its independent 
reactions in any compound, in which it may be found. Thus, whatever is 
known of the reactions of these groups, may be applied at once to predict 
the reactions of new compounds. 

To consider the reactions possible to acetic acid, we might therefore 
divide it into its component parts or groups as indicated in the diagram 
herewith : 


h] /0/(2) 

W/y/ 

HC+fC/' 

I I i/'S:: T 

(1) |OHj(8) 
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We find the alkyl group* (1), the carbonyl group (2), and the hydroxyl 
group (3), Group (1) may be expected to behave like a saturated hydro- 
carbon, and the reaction with chlorine shown on page 166 might have been 
predicted on this basis. 

The carbonyl group (2) should absorb polar compounds (as was learned 
in the study of aldehydes and ketones). In some of the reactions of acids, 
this appears to be the case (see page 227). However, some of the absorp- 
tions shown by aldehydes and ketones do not take place with acids (they 
do not for instance, form oximes, cyanohydrins, or bisulfite compounds). 
In other words, the carbonyl group (2) is affected by its environment and 

behaves in slightly different fashion when 
hydroxyl group is joined to it. 

In applying the above theory of functions to 
the hydroxyl group (3) of an acid, differences 
are at once seen between this group and the 
hydroxyl of an alcohol. These are, howevei, 
differences of degree and not of kind. The 
hydroxyl group is found to be more active in 
an acid than in an alcohol. It behaves like 
that in an inorganic acid (HONO 2 or (HO)2S02 
for instance). Its hydrogen is replaced by metals to form salts, and solu- 
tions of the fatty acids affect indicators and in other ways show the presence 
of H+ ion. Most of these acids save formic, the first of the series, are very 
weak as is shown by the ionization constants which follow. The value for 
carbonic acid is added for comparison. 



Fig. 30.- 


"Model of butyric acid 
molecule. 


Table 15. — Ionization Constants of Monocarboxylic Acids 


T = 25° 100 X Kt 

Formic acid 0.01712 

Acetic acid 0.00175 

Propionic acid 0.00133 

Butyric acid 0 . 00150 

Valeric acid 0.00138 

Caproic acid 0 . 00132 

Enanthic acid 0.00128 

Carbonic acid 

Ki. 0.00003 

K 2 6 X 10-9 


t A carboxylic acid in water ionizes to give hydrogen ion and the organic anion: 
RCOOH + IhO ^ H 3 O+ -h RCOO~ 


The equilibrium constant for the ionization (.Ka) is obtained by using the law of chemical 
equilibrium (see general chemistry text) : 

_ [H30+][RC00~] 

‘ [RCOOIlllilaO] 

In dilute solutions the concentration of the water may be ignored. This gives: 

^ _ [H,0+][RCOO“l 
* [RCOOH] 

See footnote, page 75. 
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Strength of Organic Acids 

If alkyl hydrogen of a fatty acid is replaced by a negative atom or group, 
the percentage of ionization (strength of the acid) is increased. The effect 
is greatest when substitution is on the carbon next to the carbonyl group, 
the alpha carbon atom. 


CII 3 — OO 2 H 


If the group be shifted to the next carbon (/3, beta) the ionization constant 
of the acid decreases considerably as will be seen in the following table of 
values. The effect upon ionization increases as one, two, or three hydrogens 
are replaced. Certain groups seem to be more “negative” than others and 
produce a greater effect wherever substituted. A partial list of these 
groups, written with the more “negative” first is shown herewith: 

CN, SCN, CO 2 H, Cl, Br, SH, Oil, CJIft 


Positive groups substituted as mentioned above slightly decrease the 
strength of an acid. Sec the table on page 172 for the effect of substitutions 
of this kind on the strength of acids. This subject will be discussed again 
in later chapters. 

A reasonable explanation for the ionization of these acids follows the 
study of their structures. Consider the three compounds, ethane, ethanol, 
and acetic acid. None of the hydrogens of ethane is ionizable. 


H H 

H— i— C— H 

A i 

Ethane 
K - O 


H H 

IT— C— i:0: 


H 


H H 

Ethanol 

K = 7.3 X 10-M 


H :0: 


H— i— C:0: 

I 

H 

Acetic acid 
K = 1.8 X 10- 


\ 

H 


Electron drift in 
this direction 


In the alcohol the oxygen has a greater share in the electron pair bonding it 
to hydrogen than has carbon in ethane. This is due to the highly negative 
nature of oxygen, which holds its octet of electrons firmly and closely. In 
consequence the hydrogen is less strongly held and some ionization is noted. 

The presence of the second oxygen in acetic acid causes a general drift of 
electrons in its direction, leaving the hydrogen still less strongly bound, 
giving this compound* a yet higher percentage of ionization. Now if a 
negative atom such as chlorine be substituted for a hydrogen of the methyl 
group, the bonding electrons at this point will move outwards toward the 
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Table 16 . — Ionization Constants of Sitbstitutkd Acids 


T == 25 ° 

Acetic acid,* CH3CO2H 

Phenylacetic acid, (C6H6)CIl2C02H 

(rlycolic acid, (Il())(.Tl2C02H 

Thioglycolic acid, (HS)(aJ2(X)2lf 

Monobromoacetic acid, (Br)CTr 2 l’ 02 lI 

Monochloroacetic acid, (Cl)(’H2C()2ll 

Dichloroacetic acid, (Cl2)CH('!02H 

Trichloroacetic acid, (Cl 3 )CC 02 lI 

a-Chloropropionic acid, CTl 3 (TIC’lC 02 ll 

/S-("hloropropionic acid, C1CH2CH2C02II 

Malonic acid, (C 02 H)CH 2 (': 02 H 

Thiocyanoacetic acid, (SCN)CIl2C()2ll 

Cyanoacetic acid, (CN)CH2C()2ll 

Methylacelic acid, (CH 3 )("H 2 C 02 H 

Dimethylacetic acid, (CH3)2CHC()2lI 

Trimethylacetic acid, (CH 3)30 (.^0211 

* The ionization constant of deuterioacclic a(a<l will be of interest. 


100 X K 
0.00175 
0.00488 
0.0150 
0 . 0285 
0.108 
0.155 
5 . 144 
120.00 
0.147 
0.0086 
0.160 
0.260 
0.865 
0.0018 
0.0014 
0.00096 
For ( II 3 CO 2 I), 


K = 0.45 - 0.59 X 10-5. 


chlorine nucleus. This effect is transmitted through the molecule causing a 
general drift of electrons away from the hydrogen of the OH group. 


11 O 

H:C:C:():n 

ri 

Acetic acid 
K = 1.8 X 10-6 


CIO 

• • tv 

II: 0:5 0:11 

ii 

Chloroa(;etic acid 
K = 1.55 X 10-* 


Substitution of a second and a third chlorine atom would in the same way 
cause still higher constants of ionization. The effect upon ionizable hydro- 
gen would naturally be less if the chlorine were at a greater distance from 
the carboxyl group, as was noted with the jS-chloropropionic acid. 

This outward shift of bonding electrons away from a carbon nucleus is 
properly considered as a partial oxidation of the carbon (oxidation = 
removal of electrons). In the light of the theory presented here it is easy 
to see why the further oxidation of ethanol should affect the carbon already 
oxidized rather than the other carbon (see page 103). The bonding elec- 
trons here have drifted away from hydrogen, due to a general shift towards 
the oxygen atom, and the two hydrogen atoms on this carbon are less 
strongly held than are those of the methyl group. 

Resuming the discussion begun on page 165, it may be said that the 
reactions shown by which the acid derivatives and substituted acids are 
formed are all quite normal for the functional groups found in the fatty 
acids. As these various compounds are taken up in ensuing sections, the 
student should look for and note the recurrence of *the typical reactions of 
groups, which have already been learned while studying the alcohols, aide*- 
hydes, etc. 
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Nomenclature of Acids 

The names of several of the fatty acids refer to their natural origin: 


Formic from Formica (ant)* 

Butyric from butter, . . . etc. 


* A dilute solution of formic acid may be cblaiiicd by distilling certain ants with water. 


Common names are shown in the table on page 163. The official name 
is obtained by adding “oic” to the stem name of the hydrocarbon having 
the same number of carbon atoms. 


Examples : 


HC- oil 


Methanolc acid 


CH3— C— OH 


Ethanoic acid 


Acids may also be named as derivatives of acetic acid (as alcohols are 
often named as derivatives of methyl alcohol). 


Examjde : 


\H 

C— C— OH 

/ 

CHs 


Dimethylacetlc acid, or 
2-Methylpropanoic acid 


The concentrated (100%) acetic acid of commerce is called “glacial” acetic 
acid. Hecause of its high melting point it is often found in the solid state in 
which it resembles ice. 


Formic Acid 


The first member of the series of fatty acids is unique in possessing the 
properties of both an acid and an aldehyde; inspection of the structure of 

. . ■ . . . 

formic acid shows that it can be considered as a fatty acid, R — C — OH, 

haying hydrogen in place of the usual alkyl group, (IT — C — Oil) or as an 

H H 


aldehyde, R — C— O having hydroxyl substituted for alkyl (HO — C-“0). 
On account of this peculiarity in structure there are corresponding differences 
in the properties of this acid, which will be noted in a comparison of its 
reactions and synthesis with those of the higher acids. 

It has been shown by the use of a physical method that the formula for 
formic acid is as follows : 
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O^HO 

/ \ 

HC CTT 

\ Z'. 

OII^O 

Two molecules are associated and held together by a sharing of electrons, 
which involves a hydrogen bridge (see page 127). This association, which 
applies also in the case of acetic acid, is no doubt partially responsible for 
the high boiling points observed for these compounds. Their chemistry 
is unaffected, however, since the joined molecules almost certainly separate 
and act individually in the presence of other reacting molecules.* 


Preparation of Formic Acid 

(1) Formic acid, like higher acids, is prepared by the oxidation of the 
corresponding alcohol : 

Oxifl Oxid 

CHaOH > HCTIO IICOOH 

(2) Formic acid is also formed by the union of carbon monoxide and 
sodium hydroxide: 

Heat and pressure, 

CO + NaOlI ^ HCO.Na 

Soda lime 

This reaction is analogous to method (5) on page 104, for the higher aci<ls. 
This is the commercial method of preparation, the acid being liberated from 
sodium fornifite by treatment with sulfuric acid. 

(3) Hydrolysis of hydrogen cyanide yields formic acid : 

HCN + 2H2O + HCl NH4CI + IICOOH 

It is seen that hydrogen cyanide is the nitrile of formic acid. It may be 
called formonitrile. 

(4) The hydrolysis of chloroform (bromoform or iodoform) will produce 
formic acid : 


* The formic acid dimer can have two electronic structures as shown belf)w: 


OIIO 


HC 


^ \ 


ClI 


\ / 

OHO 


0110 

HC cut 

\ / 

OHO 


t From Taylor and Raker, Organic Chemistry of Nitrogen, Clarendon Press, Oxfor<l, 1987. 

In these formulas the atoms are in very similar positions but certain electrons have been shifted. 
The methods of wave mechanics have shown that in cases of this kind we have the phenomenon 
of resonance. The structure assumed by the molecule is neither of those shown, but a struc- 
ture intermediate between the two. Resonance will be discussed in more detail later (see 
page 398). 
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OH 




)H 


OH ^ 3KC1 + HC— oIh 

\ 

OH OH 


KOH 


2HjO + HCOOK 


(5) It is also possible to make formic acid from hydrated oxalic acid, 
employing glycerol as a catalyst: 

C3H5(0H)3 + (C02H)2-2H20 C3H5(0H)3 + CO 2 + 2 H 2 O + HCOOH 


The reaction is su])posed to jiroceed as follows: 

(a) The glycerol is partially esterified by the oxalic acid: 


II 2 C— OH HaC— on 

I C— OH A 1 

HC on + I -^1120+ ik;— OH 
I c— OH I 

HsC-OH H^C— O— € 


0— on 

^O 


Glycerol monoxalate 


(b) Further heating causes this ester to break down, losing carbon 
dioxide and thereby producing an ester of formic acid and glycerol: 

H2C - on 1I2C— OH 

I A I 

HCOII ,, -^C 02 + HCOH 

I 1 

H2C — OC H2C — O — C =0 Glycerol iiionoformate 

I H 

C-OH 

\) 

(c) The formic acid ester of glycerol is hydrolyzed yielding one molecule 
of formic acid and one molecule of glycerol, which is free to unite with fur- 
ther oxalic acid and produce more formic acid : 

H2C— OH H2C— OH ^ 

I I 

HC— OH + H2O -> HC— Oil + HC— on 

I H I 

H2C— O— C— O IT2C V OH 

This synthesis of formic acid was frequently used in the past in the labora- 
tory preparation of small amounts of the acid. 


Reactions of Formic Acid 

The reactions cited here are those in which formic acid behaves differ- 
ently from its homologs. 
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(1) Oxidation, Due to its possession of an aldehyde group, formic acid 
is a strong reducing agent: 

HCOOH + AgaO 2Ag + CO 2 + II 2 O 
2HgCl2 + HCO 2 H HgaCla + CO 2 + mCl 

This action is not common to the higher acids. Formic acid readily reduces 
silver or mercury ion, but acetic acid is so difficult of oxidation that it is 
frequently used as a solvent in the oxidation of other organic compounds by 
powerful oxidizing agents. 

(^) When sodium formate is heated, hydrogen is lost and sodium oxalate 
results. The synthesis of oxalic acid through use of this reaction is com- 
mercially important. 


HI 


% 


-C— ONa 


C— ONa 


280 *^ 


-C— ONa 


II 2 + 


C— ONa 


Sodium oxalate 


The synthesis of formic acid from oxalic acid lias already been indicated. 
The two compounds arc seen to be rather intimately related to each other, 
each passing easily to the other. Heated alone, formic acid gives hydrogen 
and carbon dioxide: 

160° 

HCO 2 H ^ CO 2 + H 2 

(3) Reaction with concentrated sulfuric acid. Formic acid treated with 
a dehydrating agent easily loses the elements of water. Carbon monoxide 
is produced. The reaction is useful for the preparation of pure CO in 
small amounts. 

H2SO4 

HCOOH > H 2 O + CO 

(4) Formic anhydride has so far proved incapable of isolation, whereas 
anhydrides of the higher acids are readily prepared. For many years it 
was found impossible to prepare acid halides of formic acid and this was 
taken as a further instance of peculiarity of this member of the series. 
Formyl chloride and formyl fluoride have recently been prepared, but are 
capable of existence only at very low temperatures. 


Salts 

The monocarboxylic acids, though quite weak in comparison with the 
mineral acids, are sufficiently strong to decompose carbonates and bicar- 
bonates (see table, page 170). Salts of the organic acids may be made by 
action of the acids with hydroxides, oxides, carbonates, or bicarbonates of 
the metals, or in some cases by reaction with the metals. 
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Stanislao Cannizzaro. (1828-1910, 
Italian.) A noted worker in organic 
chemistry. He is best known for his 
work in introducing the Avogadro hy- 
pothesis to his scientific colleagues and 
for the reaction which bears his name. 
J. Chem. Soc. (London), 101, 1677 (1912), 
./. Chem, Education^ 3, 1361 (1926), ibid., 
4, 836 (1927); also this book, pages 491, 
548. 






Journal qf Chemical Education* 


^ 



Journal qf the Chemical Society {London), 


Friedrich A. Kekul^ (von Stradonitz). 
(1829-1896, German.) Kekule left the 
study of architecture for chemistry after 
hearing Liebig’s lectures. He is best 
known for his structural theories. The 
introduction of the idea of tetravalent 
carbon atoms joined to each other was 
very important for the growth of organic 
chemical science. The benzene structure 
of Kekul6 was of equal value in stimulat- 
ing research. Kekul6 was author of an 
unfinished but important textbook of 
organic chemistry. See Am. Chem, J,, 
18, 789 (1896), J, Am, Chem, Soc., 18, 1107 
(1896), J. Chem, Soc, (London), 73, 97 
(1898), J, Chem. Education, 4, 697 (1927); 
also this book, page 395. 
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Salts which are but slightly water-soluble may be made by double 
decomposition of soluble salts: 

2 Ci 7 H 36 COONa + (CH 3 COO) 2 Pb ^CHsCOONa + ( Ci 7 H 3 BCOO) 2 Fb 

Sodium stearate Lead stearate 


Salts of the alkali metals are water-soluble. Their water solutions are 
alkaline, due to hydrolysis. Solubility in alcohol is very low; the salts are 
insoluble in ether. 

Although the reactions of the fatty acid salts are presented together with 
the different comi)ounds to which they give rise, it will serve a useful purpose 
to collect this material and review it while the subject of acids is before us. 
Several important types of compounds are formed from the salts of organic 
acids, as has already been seen. They are: 

(1) The saturated hydrocarbons. These are formed by heating the 
sodium salts of fatty acids with excess of a strong base. For equation see 
page 28. The hydrocarbon formed always has one carbon less than the 
acid chosen, as one of the carbons is eliminated in the sodium carbonate; 
in other words, the reaction affords a means of “ stepping down ” (removing a 
carbon atom from a normal chain); see page 228. 

(2) The esters. These compounds result when fatty acid salts react with 
alkyl halides; for equation see page 203. 

(3) Ayi aldehyde results when the calcium salt of an acid is heated with 
calcium formate. The equation is shown on page 137. 

(4) Ketones form on dry distillation of the calcium salts of acids (page 
138). 

(5) If the ammonium salt of an acid is heated, water is lost and an amide 
is produced; equation, page 227. 

Further dehydration yields a nitrile (cyanide) ; see page 228. 

We have seen (page 164) that the addition of water to a nitrile yields its 
acid; evidently these reactions are reversible. 

These examples suflScicntly indicate the usefulness of the fatty acid 
salts in synthetic work. In addition to such employment, specific salts of 
various acids are used in the arts and in medicine in such numbers that 
no more can be attempted here than to list a few of the more familiar 
applications. 

I^ead acetate, (CH3C02)2Pb*3ll20, or ‘‘Sugar of Lead” is used in 
medicine, as are also the acetates of zinc and iron. Verdigris, Cu(OH) 2 ‘ 
(CH 3 C 02 ) 2 Cu, a complex of copper acetate and hydroxide, serves as a 
pigment. “Paris Green” also contains copper acetate; it is an insecticide. 
Among mordants used in dyeing cloth, we find the acetates of aluminum, 
chromium, and iron. Mention should also be made of “White .Lead,” 
basic lead carbonate, which is formed from lead acetate by the combined 
action of carbon dioxide and water. The sodium and potassium salts of 
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acids of high molecular weight are known as soaps. Their reactions and 
preparation are taken up on page ^18. 

Unsaturated Monocarboxylic Acids 

These compounds may be viewed as derivatives of ethylene or acetylene, 
formed by the replacement of hydrogen of such compounds by the carboxyl 
group. An examination’ of their structural formulas will readily bear out 
this conception. 

Examples: 

H 

CH2“CC02H, Acrylic acid (Ethylene derivative) 

H H 

CH3(CIl2)7C---C(CIl2)7C02H, Oleic acid (Ethylene derivative) 

H H H H 

CH 3 (CIl 2 ) 4 C=C ClhC^CiClhhCO^U, Linoleic acid (two double bonds) 

H H 

CIl 3 (CH 2 — C==^C) 3 (CH 2 ) 7 C 02 H, Linolenic acid (three double bonds) 

II — C^C — CO 2 M', Propiolic acid (Acetylene derivative) 

But little further need be said regarding these compounds, as their reac- 
tions are a combination of the reactions of saturated acids and of uiiwsaturated 
liydrocaTbons, and can, therefore, be perfectly understood by reference to 
the chemistry of these two groups. The synthesis of an ethylene acid like 
acrylic acid may be accomplished by oxidation of the corresponding alcohol 
or aldehyde, a reaction normally used to produce the saturated acids. 
Thus acrylic aldehyde on mild oxidation yields acrylic acid : 

H H Oxid H 

CH2==C:--C=-0 > on Acrylic acid 

Another method of synthesis consists in the removal of halogen acid 
from a halogen-substituted fatty acid (page 235) : 

KOII H 

CHaBr— CII2— C— on ► HBr + CH2==C~ C— OH 

in Alcohol 

or removal of the elements of water from a hydroxy acid : 

Heat H 

CH2OH— CHj— C— OH > H2O + CH2=C— C— OH 

It will be noticed that the halogen or hydroxyl group to be removed is in 
the beta positipn, that is on the carbon second removed from the carboxyl 
group. This is a favorable position for the reactions shown here. Since 
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both of these methods are described in later sections on substituted acids, 
they will need no other mention at this time. 

Acrylic acid shows a resemblance to ethylene in its ease of polymeriza- 
tion. Alpha methylacrylic acid is similar and its methyl ester by poly- 
merization forms valuable resins (Lucite, Plexiglas). These are perfectly 
colorless resins and for this reason hav^e been proposed for the manufacture of 
spectacles and other lenses (“non-breakable glass*'). Such plastic “glass'* 
because of its transparency and toughness is used in airplane windows (see 
pages 285 , 505 ). 

Oleic and lin oleic acids are found as glycerol esters in a number of the 
natural fats and oils. Both acids have the same carbon skeleton as stearic 
acid, CitIIssCOOH, and on reduction are converted to the latter substance. 
The position of the double bond in oleic acid is determined by oxidation 
of the compound. We have found in our study of ethylene compounds that 
the double bond is sensitive to oxidation; when unsaturated compounds are 
oxidized, they normally break apart at this point. Oxidation of oleic acid 
yields two acids each having nine carbon atoms; we therefore know that 
the double bond is symmetrically placed in the middle of the chain of oleic 
acid. Treatment of oleic acid with ozone gives confirmatory results. 
The section on Fats, Oils, Soaps, Waxes will continue the discussion of the 
unsaturated acids. 

Related to the acids discussed here is ricinoleic acid, 12-hydroxyoleic 
acid, CH?(CH2) 5CII0HCH2CH=CII(CH2) 7COOII, produced by the saponi- 
fication of castor oil. This is used as a plasticizer for artificial leather, as a 
lubricant, for the synthesis of whetting agents and perfume materials, for 
preparation of synthetic drying oils. 

Uses of Acids 

Formic acid. Used as a dehairing agent for hides, in rubber regenera- 
tion, in medicine for gout and neuritis, to make esters, as a source material 
for oxalic acid, as a silvering agent, and in many other ways. 

Acetic acid. Used as a source material for the derivatives indicated in 
this and other chapters. Large amounts are used in the preparation of 
many salts and esters. Cellulose acetate is an important derivative. 

Acetic acid, being soluble both in water and in organic liquids, is an 
excellent solvent. The fact that it resists oxidation and reduction makes it 
doubly important as a “chemist’s solvent.” As a weak acid there are many 
applications. The dilute solution known as vinegar is an important condi- 
ment and preservative for foods. 

Higher adds. Used in synthetic work. Palmitic and stearic acids 
are used for candles. Their sodium salts are washing soaps, also useful 
in lubricating mixtures. The acids are used for waterproofing agents, in 
polishes, cosmetics, and pharmaceutical products. Zinc stearate is used in 
paints, face powders, enamels, and varnishes. Oleic acid is a waterproofing 
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agent, is used in leather tanning, for lubricating mixtures, and polishing 
compounds. 


Tnio Acids 

Organic acids in which sulfur takes the place of oxygen are called thio 
acids. Three types of these compounds are possible: 

(1) (^arbothiolic acid, R — C — SH (oxygen of hydroxyl group replaced 
by sulfur). These acids are prepared by the action of phosphorus sulfide 
on the corresponding oxygen acid : 

5 CII 3 '" C—OH + P2S5 P2O5 + 5 CH 3 — C—SII Ethanethiolic acid 


(2) Carbothionic acid, RC — OH (oxygen of carbonyl group replaced 
by sulfur). These acids do not exist in the free state, but are known in the 
form of their derivatives. 

(3) Dithio- or carbodithio’c acid, R — C — SH (all oxygen replaced). 
These acids may be prepared by the Grignard reaction (page 574). 

The tliio acids form derivatives which are analogous to those formed by 
the corresponding oxygen acids. 


Examples : 


Thioacetamide 


CII3— C— NII2 

CII3 — C — S — C 2 II 6 Ethyl dithioacetate 


CII3— C 


/ 


,0 


\ 


CHs— C 


./ 


S Thiacetic anhydride 


\ 


o 


It cannot, however, be said that the chemistry of these acids or their 
derivatives exactly follows that of the corresponding oxygen compounds, 
although many points of similarity exist between them. As a general rule 
the sulfur compounds are less stable than the oxygen derivatives, and for 
this and other reasons they have not attained an equal importance. 

Digression. Identification of Compounds. As mentioned in the last 
chapter, the identification of organic compounds is almost a routine pro- 
cedure for a research chemist. Practice in identification is useful for 
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the student as well. We realize quite fully that even an indifferent student 
can make preparations in the laboratory, or at least some of them, if pro- 
vided with an adequate manual, and an occasional student will find such 
work uninteresting because the results are foreseen. 

The situation is different when one is given an unknown compound for 
identification. It is useless to attempt the work unless there is a consider- 
able fund of knowledge of reactions, habits, and properties to be drawn upon. 
As most of us have the detective instinct, this type of work is usually fol- 
lowed with keen interest. It is preeminently laboratory work, and the 
methods and details are best left to the special manuals which treat of 
identification. The reason for bringing it up here is that the first exercises 
in identification arc often carried out at this point in the course, making it 
desirable to introduce a short resume which will omit the practical details. 

Suppose that the unknown belongs to one of the groups we have had for 
study (hydrocarbon, halogen compound, alcohol, ether, aldehyde, ketone, 
acid). Consider first the analysis for elements other t:ian carbon and 
hydrogen. If halogen is present a compound of the second group is in 
hand. Consider water-solubility. If the compound, a liquid, is com- 
pletely water-soluble, it cannot be a hydrocarbon or ether or halogen com- 
pound, but it could be an alcohol, aldehyde, ketone, or lower acid. Try 
reaction of a water solution to litmus paper. Acid reaction here would bar 
all groups but one. As soon as all but one or t'vo groups have been elimi- 
nated in this way, sp(*cific tests will decide which group is concerned. We 
then decide which actual compound we have by a check of boiling point, 
melting point, density, etc., of the unknown against tables of these values, 
and, having loc.;ted our compound in the list, we assure ourselves of its 
identity by making a solid derivative whose melting point is pd. If we 
again get a check, the analysis is successfully completed. 

Frequently the first laboratory exercises in identifi lon a \o more 
than that the compound should be placed in its pr . homologous series 
through the use of suitable tests and through insp idon of physical prop- 
erties. This type of analysis can be applied to all classes of compounds so 
far studied, wdiile the preparation of derivatives for some classes (hydro- 
carbons, halogen compounds, ethers) is not c' sily carried out. 

Lists of derivatives and a summary of information concerning identifica- 
tion will be found in Chapter XL. 

REVIEW QUESTIONS 

1. Show by equations the formation of propionic acid from: (a) Ethyl cyanide; (b) Methyl 
propionate; (c) Potassium propionate; (d) Propyl alcohol. 

Indicate by equations the reaction of propicnic acid with : (a) Sodium ; (b) Sodium hydrox- 
ide; (^c) Propyl alcohol; (d) Phosphorus pentachloride; (e) Phosphorus pentasulfide; tf) 
Ammonia. 

3. Show by a series of equations how acetic acid may be made from methyl alcohoL 
4* How could propiolic acid be distinguished from acrylic acid? 
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5. Show by equations the action of bromine, and of hydrogen iodide, upon acrylic acid. 

6. Give two methods of preparation for acrylic acid. 

7. Indicate by means of equations, the action of zinc upon a, /y-dibroinopropionic acid; of 

alcoholic potash upon jS-bromobutyric acid. 

8. The sodium salt of a certain acid when heated W'ith sodium hydroxide (solid) yields ethane. 

What acid was used? (Write equation.) 

9. How could a solid hydrocarbon be distinguished from a solid fatty acid? 

10. How many cc. of normal NaOH solution would be required to neutralize 2.5 grams of 

acetic acid? 

11. A certain monocarboxylic acid was titrated against \/10 KOII solution. A sample weigh- 

ing 0.2100 g. re(|uired IS. 10 cc. of the KOH solution. What is the molecular weight of 
the acid? 

12. Write structures of the isomeric acids which have the formula indicated in problem 11. 

Name each compound. 

13. Show by equations the production of acetaldehyde, and of acetone, from acetic acid. 

14. How could the presence of formic acid in acetic acid be detected? 

15. Name five derVatives of acetic acid with their uses. 

16. Give two mctl )ds of preparation which are unique for formic acid, i.e., not applicable to 

higher acids. 

17. Show by means ^f a chart the relationships between methyl alcohol, acetylene, acetic acid, 

ethyl alcohol, methyl cyanide, methyl iodide, oxalic acitl, methane, and elhane. 

18. Carbon monoxide is to be transformed to sodium formate, and thence to .sodium oxidate. 

A.ssuming a 75% yield in each step of the process, how much sodium oxalate will be 
formed from 40 liters of carbon monoxide ? 

19. The silver .salt of a monocarboxylic acid contains 60.33% Ag. Give the formula of the 

acid. 

20 If the above acid was treateu with HI, and the reaction product then treated with sodium 
methoxide, what substance would result? 

(R)21. Outline method.s for making the following compounds, (a) BrCH2(’H2C02H; (b) 
CH^C^HClCOaH. 

22. Which tynes of compounds .so far considered in this book are capable of acting as acids? 

Include h which are even faintly acid. 

23. Should . ♦ed alcohol be any more soluble in K2CO3 solution than ill water? Why? 

Sho/ Ji a< 'lay pentanoic) be any more soluble in K2CO3 solution than in water? 
W’/^ . 

24. How could you dist. liah a liquid fatty acid from a liquid alcohol? 

25. Is formic acid commonly made by the oxidation of formaldehyde? Wliy? 

(R)26. Calculate the heat of combustion of each of the following compounds: butyric acid, 
acetic acid, caproic acid, diethylacetic acid. Check your answers with a handbook. 

27. A viscous, inodorous liquid is -*ompletely water-soluble. Is it a fatty acid, saturated or 

umsaturated? 

28. The unknown is a colored liquid, not soluble in water. To what group does it probably 

belong? What test should be made first? 

29. What is a simple te.st to distinguish a monocarboxylic acid from an aldehyde? 

30. A certain liquid was supposed to be an alcohol, since it reacted with Na as alcohols do. 

It was not oxidized, however, when warmed with sodium dichromatc and H2SO4. What 
type of compound might this have been? What further tests should be applied? 

31. In what way could a solid acid be distinguished from a solid alcohol? 

82. A certain process liberated as by-products a mixture (solution) of fatty acid of boiling 

point 160*^, and acetone. It was desired to recover both products. What suggestions 
have you to offer? 

83. A liquid has a boiling point of 197°. It is completely water-soluble. Can it be a mono- 

hydroxy alcohol? 
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34. A colorless liquid, when treated with Na2(^08 solution, liberates CO 2 freely. To what 
group may it belong? 

3.5. How could metallic Na be used to distinguish between an alcohol and a saturated hydro- 

carbon ? 

36. A certain compound, when treated with a solution of KMn 04 , is instantly oxidized. Of 

what value is this test in an identification? 

37. A white poAvder, somewhat soluble in water, when heated, vaporizes easily giving a 

choking, irritating white vapor. What clue is furnished by this test? 

38. A liquid shows acid properties, and when heated with arnmoniacal silver nitrate solution, 

it gives a silver mirror. What is the verdict? 

39. Bearing in mind that naturally occurring organic acids have an even number of carbon 

atoms, can you formulate a theory regarding the method of their formation in the 
plant (animal)? 

(K)40. Show how to make /iJ-ethylbu lyric acid, using ethyl alcohol as a source material for all 
organic intermediate compounds. 

41. When chloroform is warmed with water and Fehling’s solution, a precipitate of cuprous 

oxide is secured. Explain this, with equations. 

42. List the reactir)ns of the acids in groups: (a) Those affecting OH group: (b) Those affecting 

alkyl H atoms; (o) Those affecting the (''OOH group. 

4.5. The boiling point of ethanol is 78.5®; that of ethyl iodide is 72.4°. Can you offer an 

explanation of the appanuit anomaly shown in these values? 

44. Tdst a series of facts which will serve to establish the structure assigned to propionic acid. 

45. Show by the use of equations how to make from acetic acid three different compounds 

which are used in the practice of medicine. 

46. The freezing point constant for acetic acid is 39. What should be the freezing point of 

acetic acid diluted with 1 % of water? 

47. Write complete equations for the following conversions. 

(a) Ethylene (A) -f HI (B); 

(b) (B) +KCN->(r); 

NaOll 

,c) (C) + 21120 . (D); 

NaOH 

(d) tD) . (E). 

A 

Outline a simple practical method for making (E) from (A). 


(Desi 
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CHAPTER IX 


ACID DERIVATIVES (I) 

Acyl Halides, Acid Anhydrides 

The acid derivatives naturally divide themselves into two main groups. 
The first group consists of the acyl or acid halides and the acid anhydrides, 
compounds whose reactions yield, in general, the same derivatives as may 
be obtained by direct use of the acids. They are more reactive than the 
acids, and hence in many instances more desirable for synthetic work than 
the acids would be. The anhydrides and acyl halides might be called 
“laboratory chemicals,” as they are almost exclusively used in synthetic 
and analytical work. 

Members of the second group include the salts, the esters, and the amides; 
these substances result from reactions of acids, anhydrides, or acyl halides. 
Representatives from the series of salts, esters, and amides find the widest 
possible use in industry and the arts, and are met with on every hand. 
They are found in nature while members of the first group are not. 


Acyl Halides 

b'des are acid derivatives in which the OH group of the acid has 

by halogen (Cl, Br, I). Their type formula is: R — C — X 
,en). The chlorides are by far the most important of the series, 
reactive than the bromides or iodides and less expensive. The 
mly will be discussed in this book. 

. , 

ne radical K C — is called an ‘‘ocyi” radical and for any given acid 
j name b/ this raaieal is obtained by dropping the final “ic” from the 
name of the acid and a,Wing “yl” in its place. 


fix*mple: 


^Hg— C— OH 

Acetic acid 


/ 

CHg— C— 

Acetyl r»»'''cal 


o 


CHr-C— Cl 

Acetyl chloride, 
Ethanoyl chloride 


The acyl radicals must not be confused with the ions of the acids. 
Compare the structure of the acyl radical shown above with that of the 

186 



ACID CHLORIDES 


187 


acetate ion, CH 3 CO 2 ”. The acyl halides do not ionize, but instead react 
with water. 

The acid chloride of formic acid has not as yet been isolated at room 
temperature, though there is reason to believe that it exists at very low 
temperatures. At temperatures above — 80°C. it appears to decompose 
rapidly as shown below. Reactions at room temperature, which should 
yield this compound, give instead carbon monoxide and hydrogen chloride: 

HCOCl -> CO + HCl 

Such a mixture may be used in lieu of formyl chloride in certain reactions 
(see Chapter XXVIII). In the presence of suitable catalysts the reaction 
given above is evidently reversible. 

This series, therefore, begins with the compound with two carbon atoms, 
as is the case with certain other series we shall study. Ethanoyl chloride 
(acetyl chloride),* is a colorless liquid with a sharp, irritating odor suggesting 
hydrogen chloride and acetic acid. It fumes when exposed to air, due to 
reaction with moisture which yields hydrogen chloride. Other acyl halides 
of low molecular weight have properties similar to those of acetyl chloride; 
those of high molecular weight are solids. 

Those acyl chlorides derived from acids soluble in water dissolve in 
water by reason of their hydrolysis, though as a class the acid chlorides 
are not water-soluble. The table on page 230 will show that the acid 
chlorides have boiling points lower than those of the acids from which they 
are made. 


Preparation of Acid Chlorides 

(1) They may be made from the corresponding acid and phosphorus 
chloride : 

(a) CH3— C— on + PCI5 POCI3 + HCl + CH3— C— Cl 

(b) 3CH3 -~C— OH + PCI3 -> P(0H)3 + 3CH3— C— < 

This equation (b) shows only one of the ways in which the 
stances can interact. Other reactions yield HCl and acid 
organic derivatives of phosphorous acid res^ ’c. Note the ai 
the reaction shown here and that of alcouol (or water) and 
halide: 

3 HOH + PCI3 P(0H)3 + 3 HC 1 


* The I.H.C. system of naming acid chlorides adds “oyl" to the stem naAie of the parent 
hydrocarbon. Since these names are not yet in common use, the older names will be used 
along with the new in this book. 
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( 2 ) Preparation from an acid and thionyl chloride or sulfuryl chloride: 

CH3— C— OH + SOCla SO2 + HCl + CH^^C— Cl 

2CH3— c- ONa + SO2CI2 Na2S04 + 2 CH 3 — C— (^I 

The second equation above shows the commercial method for making 
acetyl chloride. The siilfiiryl chloride is prepared by direct union of chlorine 
and sulfur dioxide. 

(3) Preparation from the salt of an acid and phosphorus oxychloride: 

2 CIT 3 " C— ONa + PO( I 3 NaPOs + NaC 1 + 2 ( -H 3 — C Cl 

(4) It is possible to make the lower more volatile acid chlorides by 
treatment of the organic acid with a high-boiling acid chloride. Benzoyl 
chloride and phthaloyl chloride have been used in this way in methods 
recently perfected. (Sec articles by Kyrides, J. Am, Chem, Soc.y 69, 206 
(1937), and by Brown, J. Am, Chem, Soc,^ 60, 1325 (1938).) 

Reactions of Acid Chlorides 

Acyl halides may be looked upon as mixed anhydrides of inorganic and 
organic acids. They are extremely reactive substances. Halogen attached 
to acyl radical is much more loosely held than in an alkyl halide. Therefore 
we find the acyl halides taking part in a number of important metathetical 
reactions, the products of which are well known and useful. 

( 1 ) Action of water. Considering the acyl halide as a mixed anhydride 
we see that water acts to regenerate the original acids. This hydrolysis is 
nite violent when the organic acid concerned is soluble in water. 

H 

00 ^ 

II i 

CH3— CHCl tH]-^ HCl + CHa— C— OH 

I • 

likely that in this reaction water first adds to the carbonyl 
nd aalide: 



RCOCl + H 2 O R— C— Cl 
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after which the intermediate compound loses hydrogen chloride: 

OH 

RC— Cl -> HCl + R— C==0 

. ^OH ^OH 

If the reaction simply involved metathesis as diagrammed above, we should 
also expect such a reaction as the following to occur: 

2RCOC1 + 2Na ^NaCl + R— C- C--R 


However this reaction does not take place.* 

(2) Reaction vnth alcohols. This reaction, as would be expected, is 
quite analogous to hydrolysis, since alcohols are water-type compounds 
(see page 805). 

C2H5 


o o 

-C-ICI + Hl- 


HCl + CHy- 


-C— OCjHj 


Ethyl acetate 


This is a method of ester formation (esterification), called “acetylation,” 
useful for the detection and estimation of OH groups in organic compounds. 

(3) Reaction with ammonia; formation of amides (page 227). 


H2 

I 

o N 

CHa— C-iCl+H!- 


HCl + CHa— C— NHj 


Acetamide 


(HCl + NH3 NH4CI) 

The diagrammatic presentation given in these three cases does not show 
the mechanism of reaction, which is probably the same for all three, and is 
explained under (1). 

It will be noted that in each of these examples the by-product is a gas; 
it is removed from competition by side-reactions. For this reason the reac- 
tions shown tend to go to completion and the yields are good. This advan- 
tage is partly offset by the higher price of acyl halides as compared with 
acids. 

(4) Acyl cyanides are produced by reaction with silver or mercury 
cyanide: 

RCOCl + AgCN AgCl + RCOCN 

It is possible that such compounds are formed as intermediates in the reaction of high 
molecular weight acid chlorides and sodium. 
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We have seen that a nitrile upon hydrolysis gives an acid. The acid (acyl) 
nitrile, or acyl cyanide, gives an alpha keto acid: 

O 

RCOCN + 211,0 NHa + RC— CO 2 II (The ammonium salt of the 

acid is formed) 

(5) Reaction ivith salts of fatty acids. Acid anhydrides are formed. The 
equation is shown in the section on anhydrides (page 191). 

(6) The catalytic reduction of an acid chloride leads to the production of 
the corresponding aldehyde. An acid chloride might be considered as a 
substitution product of an aldehyde. In some cases acid chlorides are 
actually made from the aldehydes (see page 523). 

Uc<l.i II 

CHs- C— Cl > HCl + (TIr-C-=0 

211 

The direct reduction of acids to aldehydes is in general not a practical 
measure. Instead we reduce their acid halides, or in some cases their 
anhydrides, esters, or other derivatives. 

(7) Acid chlorides may be used to form ketones by the Friedel and Crafts 
reaction (page 578). 

Phosgene, or Carbonyl chloride, COCl,, the acid chloride of carbonic 
acid, is formed by union of carbon monoxide and chlorine, or from the 
oxidation of chloroform (see page 260). Its reactions are similar to those 
of other acid chlorides. 


Acid Anhydrides 


In the study of aldehydes we have found that when two OH groups join 
to one carbon atom, water is lost between them (page 141). 


OH 




H 


H,0 + 


^€=0 


Similarly two molecules of alcohol type may lose water cooperatively: 

R— lOH R 

-»H,0+ 

R — 0|H R 


In this way the ethers are formed. These examples make it seem possible 
that any two molecules containing OH group may undergo this kind of 
reaction which, with certain limitations, is the fact. 
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Preparation, (a) When two molecules of an organic acid react so as to 
lose water between the two OH groups, the compound formed is called an 
acid anhydride : 


/ 

CHj — c — 


o 

OH 


CII,— (’ 


CHs— C— 0 | 

\) 


HjO + 


H 


CHs— C 




\ 

C 

/ 

\ 


o 


o 


Ordinarily the reaction is not carried out between molecules of the acid 
itself,* but the anhydrides are made from an acid chloride and the salt of a 
fatty acid: 

(b) CHr-t'— [< 3 _+Jn 3 — OC— CII, NaCl + CII,— C—O— C— CH, 

Acetic anhydride, 
Etlianoic anhydride 

A commercial method uses the reaction of the salt of an organic acid with 
sulfur monochloride, S 2 CI 2 . 

SRCOONa + 3 S 2 CI 2 6NaCl + Na 2 S 04 + 5S + 4(RCO)20 


The sulfur may be converted to sulfur chloride and utilized in the main 
reaction if chlorine is passed into the reaction mixture: 

2S + CI2 S2CI2 


A commercial method for the preparation of acetic anhydride involves heat 
treatment of ethylidene diacetate (page ^04). This gives the anhydride 
and acetaldehyde. Another commercial method uses acetic acid and ketene 
(page 290) : 

CH3COOH + CH2=C=0 CH3 CO O OC CH3 


The reaction (b) shown above is analogous to the Williamson reaction 
for making an ether. As the ethers may be called alkyl oxides, so it is 
possible to consider the acid anhydrides as acyl oxides. They have the 
type formula: 


R— C C— R 



(c) If the acid chloride of one acid is put into reaction with the salt of 
another acid, a mixed anhydride results. An example of such a compound is 

* Acetic anhydride may be made in about 50 % yield by passing the vapors of acetic acid 
over a special catalyst at OOO^C. 
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shown below together with a simple anhydride of the same molecular formula, 
to illustrate the metamerism which exists in this series of compounds. 



Metameric an- 

hydrides C2Ht — C 

CII3--C 

\ ^ 

\ \ 

0 

0 

/ 

C,Hr-C 

/ 

C2H6— c 


^0 


Acetic butyric anhydride Propionic anhydride, Propanoic 

(a mixed anhydride) anhydride (simple anhydride) 

The series of acid anhydrides begins with acetic anhydride, as formic 
anhydride has not so far proved capable of preparation. Acetic anhydride 
is a colorless litpiid with a somewhat disagreeable piercing odor. It is 
slightly soluble in cold water, in which the higher anhydrides are insoluble. 
By reference to the table, page 230, it is seen that acid anhydrides have 
boiling points higher than those of the acids from which thc*y are made. 



This reaction which proceeds rapidly between warm water and acetic 
anhydride is effected with greater difficulty with anhydrides of higher 
molecular weight. It is, however, easily carried out by the use of solutions 
of the strong bases. 

(2) Reaction with alcohols. This reaction is similar to that with water 
and may be called alcoholysis. Esters are produced in this manner: 
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(3) Reaction with ammonia. This again is similar in type to the reaction 
with water. It may be termed amnumolysis. 


CH 3 — C 


H 


o 


CHs 


1/ 

-C 




>0 


\ 


N1 

Ha 


CHa— C-OH + CHa— C— NHa 

(CIIaCOaH + NHs CHjCOjNHO 


o 


This reaction serves for the preparation of amides. 

The above reactions show how acid anhydrifles serve for the detection of 
the hydroxyl or amino group. They are frequently so used as “acylating 
agents” (as are the acid chlorides) qualitatively to show the presence of 
such groups, and also in a (juantitative maniicT when one wishes to estimate 
the number of hydroxyl groups in a compound. 

In one practical method the unknown is treated with a solution of excess 
acetic anhydride or acetyl chloride in pyri<line. When reaction has been 
completed (acetyl chloride reacts more rapidly of the two) the acctylated 
compound is collected and purified. It is then hydrolyzed in the presence of 
an excess of standard base; Lhe amount of acid released in the hydrolysis is 
obtained from a back titration with standard acid. 

The anhydrides of dicarboxylic acids are considered on page 254. 

Comparison of Acid, Acid anhydride, and Acid chloride. 




1 ' 

R— C 

\ 

\ 

OH 

0 


/ 


R— C 


N) 


R— C 


./ 


o 


\ 

Cl 


The similarity of structure displayed by acid, anhydride, and acid halide 
corresponds to the fact that their main reactions are also alike. In any 
given case the acid is likely to be least reactive, and the halide most reactive. 

When an acid forms a derivative, water is usually the by-product. The 
acid anhydride gives a mole of its organic acid as by-product, while the 
acyl chloride yields HCl gas as by-product. 


Uses of Acyl Halides and Acid Anhydrides 

Both types, especially the acetyl compounds, are used to introduce the 
acetyl group into, organic compounds (acetylating agents).* The treat- 

* Acylation refers to a treatment which introduces an acyl group. Wlien the acetyl group 
is introduced, the process is called acetylation. 
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ment of cotton with acetic anhydride, catalyzed by sulfuric acid, gives 
cellulose acetate, important for manufacture of a type of Rayon and for 
making acetate photographic film (non-inflammable). The presence of 
OH and NH 2 groups in compounds may be detected and the number of such 
groups estimated by the use of these reagents, as stated before. For data 
regarding the use of acetamide as an acctylating agent, see page 2^9. 

Digression. Types of Anhydrides. All of the substances treated in 
this chapter are actually anhydrides. To bring out this fact they are 
classified below: 


Type Example 

Anhydrides of orifaiiic acids 

Simple Acetic anhydride 

Mixed Acetic propionic anhydride 

Anhydrides of organic and halogen acids. . . . Acetyl chloride 

Anhydrides of organic acids and inorganic Acetyl sulfate, CH 3 CO(OS 03 H), acetyl ni- 
hydroxy acids. trite, CH 3 (' 0 ( 0 N 0 ), and acetyl nitrate, 

CH3C0(0N02). The latter substance is 
an excellent nitrating agent. 


Table 17. — Afin C'hlorides and Ann Anhydrides 


Name 

Formula 

M.p., 

°c:. 

! B.p., 

1 ®(:. 

Sp. R., 

20'’/4'’ 

lit. of 
comb. 

Acetyl chloride 

CHaCOfI 

-112.0 

-f- 52.0 

1.104 


Propionyl chloride 

C2H6C0('1 

- 94.0 

80 

1 .065 


Butyryl chloride 

C.UiCOil 

- 89.0 

102.0 

1.028 


Isobutyryl chloride 

(CHshciiroa 

— 90.0 

92.0 

1.017 


Valeryl chloride 

Isovaleryl chloride 

Caproyl chloride 

Capryl chloride 

Acetic anhydride 

CJIsCOCl 

(CHi,)2C:UCH2C()('l 

CiHisCOCl 

(C1I»C0)20 

- 73.0 

127-8 

113.5 

153.0^»8 

195.0 

139.0 

l.OlOiB 

0.989 

0.975* 

1.082 

432 

Propionic anhydride 

(C2H<,C’0)20 

- 45.0 

l(}g780 

1.012 

747 

Butyric anhydride 

(C',Il7('0)2() 

- 75.0 

198.2 

0.9781** 


Isobutyric anhydride 

I(CH,)jC1IC0]20 

- 53.5 

182.5 

0.95026 


Valeric anhydride 

Heptylic anhydride 

(C4H9C0)2() 

(C.H.,C0)20 

+ 17.0 

218.0 

258-268 

0.92217 

0.932 

1985 


REVIEW QUESTIONS 

1. Write the formula for the butyryl radical, and for the amide, ethyl ester, and calcium salt 

of butyric acid. 

2. In what general sense do acyl halides and acid anhydrides differ from esters, amides, and 

salts? Are representatives of the first two classes found in nature? 

3. Write equations for two methods of preparation of propionyl chloride. 

4. Show by equations the reaction of propionyl chloride and: (a) Wafer; (b) NaOH solution; 

(c) Ammonia; (d) Methyl alcohol; (e) Sodium acetate; (f) Ethylene glycol. 

5. Give equation for the preparation of propionic anhydride. 
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6. Write equations for the action of: (a) Water; (b) Ethyl alcohol; (c) Ammonia; upon 

propionic anhydride. 

7. Outline the tests by which an organic acid may be distinguished from: (a) An acid anhy- 

dride; (b) An acyl halide. 

8. A certain inonohydroxy alcohol gave by reaction with acetyl chloride the compound 

(^aHeOo. What alcohol was iised.^ 

9. Calculation shows that a gram-rnolecular weight of a certain alcohol required 78 g. of acetyl 

chloride for complete reaction. IIo\v many OU groups are contained in this alcohol? 

10. By what chemical tests could acetyl chloride be distinguished from propyl chloride.^ 

11 . A compound whose molecular formula is (’ 3 HHO 2 was converted to a compound of formula 

C7lli2C4 by treatment with acetyl chloride. How many OH groups were present in the 
original compound? 

12. Write equation for the action of acetic anhydride upon the compound of problem 11. 

18. Show the probable mechanism of the reatdion between water ami acetic anhydride. 

14. An acyl halide may be prepared from an acid by the use of P( ’I 3 or S()( 'lo. Do you see any 
advantage in the use of the latter substance? 

, 15. Ijpon what basis may ll(X)( d •compounds be classerl as acid anhydrides? What reactions 
support this conception? 

16. Acetyl chloride Avas treate<l in s€*parate tests with the following reagents: ether, sodium in 

benzene, ethyl alcohol, formic acid, acetitt acid. In which cases did a reaction occur? 
Write equations for possible reactions. 

17. What outstanding physical and chemical properties aid in the identification of an acid 

chloride ? 

18. What derivative of acid chlorides and acid anhydrides mentioned in this chapter would in 

your opinion be suitable as an identification compound for a given acid chloride or 
anhydride? 

19. In case an acid will not form an ester wdth a given alcohol (and sulfuric acid) or will not 

easily do so, w^hat other method of procedure might be tried? 

20. A certain weight of acetic acid contains 10% of water. What relative w^eight of acetic 

anhydride should be added so that upon its hydrolysis the acetic acid concentration 
will be 100%? 

21. Devise a method of analysis to ascertain the amount of acetic acid in a solution of acetic 

acid and acetic anhydride, 

22. What reactions cited in this chapter may be used to prove the structure of acetic 

anhydride ? 

23. Complete the following equat ions. 

(a) CHaCOONa -f (\lhi On 

(b) ClCHaCHaC'OCl + H 2 O 

(c) C 2 H 6 C 0(^1 -f RNHg 

(d) C 2 H 5 COOC OC aHr + H 2 O 

24. Name the following formulas. 

(a) CHaCHClClKCIbOCH-,; (b) {CH3)2CHCH2C0C1; 

(c) CHsCHClCHsCOC 1; (d) BrCHaCOCI. 

(R)25. The three compounds (A), (B), and (C) have the same vapor density, 44 (H 2 = 1), 
and the same molecular formula. Analysis of (A) gave these results: a sample weighing 
0.180 g. gave 0.360 g. of (Xlg and 0.1463 g. of H 2 O. When (A) was warmed with an 
excess of NaOH solution, the sodium salt of an acid (D) was formed, and a liquid (E). 
(E) with acetyl chloride gives (E) whose molecular formula is C<5llio02. The sodium 
salt of (D) reacted with an excess of concentrated sulfuric acid, liberating a gas which 
burned with a bright blue flame. 

When (B) was warmed with an excess of NaOH solution the sodium salt (G) was pro- 
duced and a liquid (H) which gave a positive iodoform test and which upon reaction * 
with propionyl chloride gave a compound of formula C 6 H 10 O 2 . 
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When (G) was heated with concentrated sulfuric acid an acidic liquid was obtained. 
Its analysis led to these results: C, 40.00%, H, 0.07%. The molecular weight was 60. 
(C) reacts with NaOH solution to give a sodium salt containing 20.92% Na. No other 
organic product is secured. Prove the structiu’cs of (A), (B), and (C), and explain the 
reactions discussed in the problem. 

26. A compound (A) with molecular formula (’3H8O2 was treated with an excess of acetic 
anhydride. The resulting acetate (B) was hydrolyzed. Hydrolysis of 0.20 g. of (B) 
gave an amount of acetic acid requiring 27.20 cc. of 0.092N NaOH solution for its 
neutralization. How many hydroxyl groups are present in (A)? 



CHAPTER X 


ACID DERIVATIVES (II) 

Esters Ax\d Related Compounds 

Introduction. Esters are acid derivatives which, like the salts, are made 
by replacement of the hydrogen of the hydroxyl group. In the salts a metal 
replaces this hydrogen while in the esters replacement is by a hydrocarbon 
group. The type formula of an ester of an organic acid is therefore: 



R— C— OR' 

R and R' in this formula may be identical or different; this introduces a 
new type of metamerism which is illustrated by the following examples of 
esters having the same molecular formula, but derived from different acids, 
wdth different hydrocarbon groups in place of hydrogen: 

Methyl propionate, C4H8O2 
Ethyl acetate, C4H8O2 

H— C— OCH2CH2CH3, Propyl formate, C4H8O2 

Further isomerism is possible because, both R and R/ being hydrocarbon 
groups, they may exhibit the structural isomerism of the saturated hydro- 
carbons. In the present case this adds 

H— C— O— C^H 

^CH, 

isopropyl formate, to the list of isomeric esters having the molecular formula 

C4H8O2. 

Formation of Esters. Both the organic and inorganic acids form esters. 
The physical properties of the former show greater similarity than those of 
the latter, since the organic acids are a homogeneous group while the inor- 
ganic acids differ widely among themselves. However, in all cases an ester is 
formed by reaction of an acid with an alcohol, in which water is lost between 
the hydroxyl groups of the two : 


C2H5— C— OCH3, 
//^ 

CH3— C— OC2H5, 
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R- 


-C— [OilTHjOR' : 


H2O + R- 


-C— OR' 


Through this reaction or others derived from it, the alkyl group of the 
alcohol is substituted for hydrogen of the acid.* 

The equation above has been written so as to show loss of hydrogen by 
the alcohol and hydroxyl by the acid, which in the light of ionization data 
for acids and alcohols may seem strange. The reaction is not ionic, however, 
and is not to be compared with the neutralization of an acid by a base. 

When a sulfur acid and oxygen alcohol interact an oxygen ester forms: 

RCOSII + EtOH IIoS + RCOaEt 

but when an oxygen acid and sulfiu* alcohol act upon each other we get a 
sulfur-containing ester: 

RCO2H + EtSII H2O + RCOSEt 

As the hydrogen comes from the alcohol and hyclroxyl from the acid in this 
case, we feel assured \hat the same thing happens when an oxygen acid and 
oxygen alcohol react. Absolute proof of the validity of our assumption 
has been given by experiments in esterification of alcohols and hydrolysis of 
esters, using heavy oxygen as a tracer. 

For example, when amyl acetate is hydrolyzed with water containing 
oxygen of weight 18, we find that the heavy oxygen does not enter the 
alcohol molecule; all of it is found in the acetic acid product: 



CH3CO2C5HU + CH3C H + C5H11OH 

For further discussion, see references 18 and 19, page 224, 

Although the formula of an ester suggests that of a salt, there is a wide 
difference between the properties of these two groups. Thus many of the 
salts are water-soluble and they ionize quite readily, giving rapid reactions 
in water solution. The esters of low molecular weight are neutral liquids, 
they are only sparingly soluble in water and they do not ionize. 

Occurrence and Uses. Esters of organic acids are natural products in 
the widest sense. Many of these compounds have pleasant fruity odors. 
They are found in fruits, flowers, and other parts of plants and are often 
responsible for the pleasant odors noted. Moreover, all of the natural fats 
and oils are mixtures of esters. Esters are made in large amounts to be used 

* The reaction of a halogen acid and an alcohol yields an alkyl halide, which type of com- 
pound would apparently belong with the esters because of its mode of formation. However, the 
reactions of the alkyl halides are entirely different from those of esters derived from carboxylic 
acids, in which the alkyl group is joined through oxygen to the rest of the molecule. Only 
those substances which are formed by loss of water between the hydroxyl groups of an acid and 
an alcohol should properly be classed as esters. 
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in perfumery, in medicines, and in the manufacture of artificial flavors, also 
as solvents for the preparation of lacquers (see page 635). Amyl acetate is 
in high favor as a solvent for pyroxylin lacquers (ethyl lactate and butyl 
and amyl esters arc also used in this way). It is also used as an odor bait 
in grasshopper poison. Several of the formates are good fumigating agents. 
All esters have important synthetic applications, especially those which are 
related structurally to malonic ester and acetoacetic ester. 

Esterb of Inorganic Acids 

Several esters of inorganic acids are important for their use in medicine, 
in industry, and in chemical synthesis. Among these is Ethyl nitrate, 
C2II5ONO2, made by the action of nitric acid upon ethyl alcohol: 

OaN fOIlTHl OC^lU ^ H2O + O2NOC2H6 

Methyl nitrate, CH3ONO2, is a powerful explosive but not of practical 
use. 

Ethyl nitrite, C2n60N0, is formed by the reaction of nitrous acid and 
ethyl alcohol: 

H2SO4 + NaN02 + C2H5OH ^NaHS04 + H2O + C2H5ONO 

Ethyl nitrite, dissolved in alcohol, is sold as “sweet spirit of niter” for 
medicinal use. 

Amyl nitrite, CsHnONO, prepared in the same manner as shown for 
ethyl nitrite, is used in medicine in the treatment of asthma and epileptic 
convulsions, as an antispasmodic and in other ways. Alkyl nitrites hydro- 
lyze in acid solutions with great rapidity, thus both amyl and ethyl nitrite 
are used in chemical operations as a source of nitrous acid. 

Triethyl phosphate, (C 2 H 6 ) 3 P 04 , dissolves cellulose nitrate and cellulose 
acetate and may be used in making plastics and coating compositions. It is 
valuable for coating since it burns with great diflBculty. 

Nitro Compounds 

It was shown on page 82 that the reaction of an alkyl halide with the salt of an acid yields 
the corresponding ester of the acid. When silver nitrite is employed in this manner to make 
ethyl nitrite, the ester is obtained as usual, but along with it varying amounts of the nitro- 
paraffin are produced (V. Meyer, 1872 ). 

€2115(0^— NO2 Agl + C2H6NO2 
Nitroethane 

In a nitroparaffin, hydrogen of a saturated hydrocarbon has been replaced by nitro group, 
NO2. The nitroparaffins are isomeric with the alkyl nitrites, but have different reactions 
because in them the nitrogen is directly attached to carbon, and not through the medium of 
oxygen. They are not subject to hydrolysis like esters, and yield amines on reduction (page 
305 ). 

Up to recent years aliphatic nitro compounds had only an academic interest. With the 
discovery of a new method of preparation several members have become available for study 
and have aroused much interest. See Chapter XV for further discussion. 
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Methyl sulfate, (€113)2804, is made as follows: 

( 1 ) Reaction of methyl alcohol and sulfuric acid yields methyl hydrogen 
sulfate : 

CH3GH + H2SO4 H2O + CH3— O— S02”-0H 


( 2 ) The distillation of methyl hydrogen sulfate under diminished pres- 
sure produces methyl sulfate: 


A 

2CH3— O—SOs— OH H2SO4 + (€113)2804 


Methyl sulfate can be made very cheaply and is much used in synthetic 
work as a “methylating agent” (to introduce the methyl group into com- 
pounds). It is extremely poisonous and should be handled with caution; 
good ventilation is essential. 

Ethyl hydrogen sulfate, or ethylsulfuric acid, €2H50S03H, formed from 
ethyl alcohol and an excess of sulfuric acid, or from ethylene and sulfuric 
acid, has already received mention (pages 53 and 123 ). Heated alone this 
compound yields ethylene, while with alcohol ether is formed. 

Ethyl sulfate, (€2115)2804, has synthetic uses similar to those given for 
methyl sulfate. It is not as toxic as the methyl ester. 

Glycerol trinitrate, (nitroglycerin), is prepared commercially by adding 
glycerol slowly to a mixture of concentrated sulfuric and nitric acids, mean- 
time keeping the temperature below 20 °. 


H 


H€— OH + HO|— NO2 

i-OP 


H 


|H + HOI— NO2 


H€— Offir+"HOl— NO2 

H 


H 

H€— O— NO2 

3H2O + H€— O— NO2 

HC— O— NOi 
H 


Glycerol (or 
glyceryl) 
trinitrate 


The product of the reaction when purified is a colorless, heavy liquid of oily 
consistency, which has a sweet taste. Nitroglycerin finds somewhat the 
same medical use as does amyl nitrite; both cause dilatation of the arterioles, 
with a resulting fall of blood pressure. It is principally used as an explosive. 
Nitroglycerin if unconfined will burn quietly, but if heated to about 218 ° or 
subjected to shock it explodes. Taken up by kieselguhr, a porous infusorial 
earth, or (in modern practice) by wood powder, it forms the product called 
dynamite, which because of the separation of the droplets of nitroglycerin 
in the pores of the wood, is considerably safer to handle than the unpro- 
tected liquid. 

Nitroglycerin is used to shoot oil wells and open safes. Dynamite is 
much more familiar to the public in connection with farming (stump 
removal), road building, erection of dams and bridges, and other building 
operations requiring leveling and removal of rock and earth. Nitroglycerin 
has a relatively high melting point ( 13 * 3 °) hence dynamite made with it 
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alone could freeze in winter, and attempts to thaw it would be dangerous. 
The melting point may be lowered by admixture of glycol dinitrate. By 
blending inorganic nitrates (sodium, ammonium) the complete burning of 
the wood powder is assured and a larger volume of gas is produced. Modern 
dynamites contain less nitroglycerin, more ammonium nitrate than those 
formerly made; hence they are safer. 


Explosives. An explosive is valuable for its “brisant,” that is, shattering, effect, if it is 
used like dynamite to break up rock, or for its “propellant** effect if it is to throw a missile 
from a gun. In the former case the explosion is rapid and the maximum pressure is very 
quickly attained; with propellants the maximum pressure is more slowly attained. 

Requirements of an explosive vary somewhat according to the use for which it is intended, 
but for all types we are interested in a cheap starting material such as is glycerol, and safety 
during manufacture and transportathm. Many important explosives withstand ordinary 
shocks and jars quite well and must be bred by the use of detonators. These arc substances 
such as mercury fulminate or lead azide which explode with extreme violence when struck. 

A modern explosive is not a mixture like gunpow’dcr. Here we have an oxidizing agent, 
potassium nitrate, and reducing agents, charcoal and sulfur, w^hich even in the finest powder 
form are still quite far apart. The modern explosive has oxidizing and reducing groups as 
parts of the same chemical molecule. In nitroglycerin these are respectively the nitrogen 
atoms from the nitric acid and the carbon atoms from the glycerol. A modern explosive 
gives the maximum of gaseous products and leaves the minimum of inorganic residue. The 
latter point has especial value if the explosive is to be used in a gun. 

The formal equation for the explosion of nitroglycerin is: 

I 2 CO 2 + IOH 2 O -f 6N2 + O 2 

Some nitric and nitrous oxides are usually formed in the explosion. 

The temperature reached is stated to be 8470°('). and the pressure of hot gases about 2000 
atmospheres. The speed of the explosion wave through the nitroglycerin is about five miles 
per second. 

Esters of Organic Acids 


Esters of organic acids are prepared either from the acid or from the more 
reactive substances, acid anhydride or acid chloride, as follows: 

(1) Formation of an ester from acid and alcohol: 


0 


/ , 

CHr-C— lOH + H OC2H5 ■ 




:H20 + CHr-C 

Ethyl acetate 


0 

OCaHs" 


This is the formal or diagrammatic equation ordinarily used. It does 
not show the mechanism of the reaction. One theory states that in the first 
phase of reaction the alcohol adds to the carbonyl group of the acid: 

OEt 

CH,CO,H + C*H60H CIIsC^H 

^OH 

* It is customary to print the formulas of organic compounds with the characteristic group 
or most active part of the molecule, to the right band. 
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and that in a second phase the intermediate compound loses water (typical 
reaction for a carbon bearing two hydroxyl groups) : 

OEt 

CHsC^H H 2 O + CHsCOjEt 

\ 

OH 

This reaction is reversible; i.e., water acting upon ethyl acetate will yield 
ethyl alcohol and acetic acid. For this reason the equation is written with 
a double arrow, to show that it may be read either from left to right or vice 
versa with equal fidelity to the facts. 

If equal molecular proportions of ethyl alcohol and acetic acid are taken 
for this reaction, equilibrium will be established when 66?^% of each of 
these components has been converted to ester. Likewise, if equal molecular 
proportions of ester and water react, an equilibrium will result when 33J^% 
of the ester has been changed to acid and alcohol. Both reactions, esteri- 
fication and hydrolysis, are apt to be slow. If the alcohol and acid are 
merely left together at room temperature, many months elapse before 
equilibrium is attained. Formation may be catalyzed by the addition of a 
strong acid, such as sulfuric acid, or an aromatic sulfonic acid; nonacid 
materials, such as alumina or silica gel are also effective. The use of either 
acid or base will catalyze the hydrolysis. While the application of heat or a 
catalyst in either case will hasten the attainment of equilibrium, it will not 
alter the proportions given above, which obtain at equilibrium. 

' Acquaintance with the law of mass action, which governs reversible 
reactions such as the above, shows how we may increase the amount of ester 
produced in the process. We may (1) increase the “active mass” of one 
of the reacting products, that is use more alcohol or acid than is called for by 
the equation. The question of cost would determine which of these to add 
in excess, acid or alcohol. This procedure wnll increase the yield of ester, 
and also the cost of the process. The ester yield may also be improved by 
(2) removing one of the products of reaction, ester or water. If the ester 
has a low boiling point, it will suffice merely to distil it away from the mix- 
ture. However it is ordinarily quite satisfactory to remove the water, 
using concentrated sulfuric acid or other “water-remover.”* Sulfuric acid 
used, in this role acts both as catalyst and water-remover and hence both 
speeds the reaction and improves the yield. 

Equilibrium Constant. The figures given above may be used to obtain 
the constant for the esterification. It will be remembered that for the 
reversible reaction A + B C + D we have the following expression: 

* The following list of substances used as “water-removers*' in organic reactions and also 
as drying agents, may be helpful. Phosphorus pentoxide; sulfuric acid; zinc chloride; hydro- 
gen chloride; sodium; calcium; potassium or sodium hydroxide; copper sulfate; oxalic acid; 
calcium oxide, carbide, or chloride; acetic anhydride; etc. 
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K = 


{C][D] 

tA][B] 


K being the equilibrium eonstant and [C] representing the active mass, that 
is moles per liter concentration of C, etc. Hence for the esterification 
equilibrium we have; 


K = 


[Water] [Ester] 

[Acici]] Alcohol] 


or: K - . 4 

38.8 X 88.8 


We may use this figure to obtain the yiehl of ester for any mixture of acid 
and alcohol. Thus suppose 8 moles of acid and one mole of alcohol to have 
been used. Let x moles of ester be formed at equilibrium. Then x moles of 
water will also be present. The amount of alcohol left (in moles) will be 
I — X and of acid there will be 3 — a:. Therefore we solve the equation: 


X • X 

(8 - x){l 



to find X, which is the yield of ester in moles. A calculation of this kind 
shpws that good yields of ester can be obtained only by the use of large 
relative concentrations of alcohol or acid; that is, it is far more practical to 
remove ester or water than to add alcohol or acid, and that the best possible 
results are obtained when an excess of alcohol or acid is used, coupled with 
removal of water or ester from the reaction field. In industrial practice this 
is tlie method used. As already stated, primary alcohols esterify most 
easily and tertiary with greatest difficulty. The yields of esters are there- 
fore comparatively much greater for primary alcohols, and least for tertiary 
alcohols. 

(2) Use of acid anhydride and alcohol; see equation on page 192. No 
water is produced in this reaction (a molecule of water is removed when 
an acid anhydride is made from an acid); hence it is not reversible like (1) 
and proceeds to completion. 

(3) Ester formation from acid chloride and alcohol ; equation on page 189. 
This reaction goes quickly to completion because the by-product, hydrogen 
chloride, is a gas which is able to leave the field of reaction. 

(4) Esters may also be made by the use of an alkyl halide and the salt 
of an acid: 


/ 


o 


/ 


.0 


CH» |I + Ag| 0C— CH, Agl + CHa— C— OCHa 

(5) E.sters may be made by action of an alcohol on an amide: 

CHaCONHs + EtOH NH, + CHaCOsEt 
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The reaction, which is reversible, is carried to completion by the use of an 
acid to take up the ammonia. Another method of going from amide to 
ester is given on page 229. 

(6) An ester may be made from another ester by exchange of alkyl 
radicals; the reaction is known as transesterification or cross esterificatioji^ 

CIIsCOsEt + CHaONa ^ C2ll5()Na + Cll.CCyMo 

As catalyst an acid or (bettor) an alkoxide is used. Exchange of a radical 
for one of higher weight as shown abov’c is easier than the contrary. We 
may also exchange the acid radical of an ester as shown below (“ acidolysis ’) : 

CHaCOoEt + IICOsH CH3CO2II + HCOaEt 

(7) The formation of an ester by direct addition is exemplified by the 
reaction of olefins with sulfuric acid (page 5C). In ketene, CHa— C— -O, 
we have a highly reactive unsaturate which can form acetates by addition. 

Example : 

CH2--C--O + Eton -> CHaC O.Et 

Ethylene oxide functions in somewhat the same way, i.e., it can perform an 
addition upon rupture of the oxygen bridge: 

O 

/ \ 

H2C CII2 + CHaCOsII CIIaCOsCH.C’HaOH Glycol monoacelatc 

A further example of esterification by addition is the formation of vinyl 
esters from acetylene treated wdth an acid in the presence of mercury 
sulfate: 

Cat. H 

C2H2 + CIIaCOoH > CH3C02~ -C--CII2 Vinyl acetate 

A second addition yields: 

H Cat. H 

CHaCOa— C=CH2 + CH3CO2H > CIl3C(CH3C02)2 Ethylidcne di- 

acetate 

The second reaction Is retarded by using an excess of acetylene. Vinyl 
esters polymerize easily, are important for the making of Vinylite resins 
(see page 506). Ethylidene diacetate is used to make acetic anhydride 
(see page 191). 

(8) Esters may be made from nitriles, from aldehydes, from certain of 
the olefins. An interesting synthesis is that from aldehydes. It will be 
remembered that formaldehyde with strong base gives formic acid and 
methanol (self-oxidation and reduction). Acetaldehyde does the same 
when treated with aluminum ethoxide. Thus: 

H 

2 CH 8 C =0 CH3CO2H + C2H5OH 
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The acid and alcohol esterify at once under the conditions imposed. This 
is called the Tishchenko reaction. The yield of ethyl acetate is about 95 % 
(see page 149). 

The large number of methods used for the production of esters is quite 
justified by the extreme importance of these compounds for synthesis, for 
various industrial purposes, and in daily life. 


Nomenclature of Esters 

Esters are named like salts when they are made from monohydroxy 
alcohols. 


Examples: 


CHj— C-OK, 


Potassium acetate 


0113“ c OC2H5, 


Ethyl acetate 


Esters made from a polyhydroxy alcohol have names beginning with the 
alcohol name and ending with the names of the acid groups introduced; 
example, glycerol trinitrate, page ^200. 


Reactions of Esters 

(1) Hydrolysis. Esters heated with water break down to yield the 
corresponding acid and alcohol. (A basic or acidic solution will accomplish 
this sooner.) Such hydrolysis wlieii carried out in a basic solution so as to 
produce an alcohol and a salt is called saponification; the name arises from 
the fact that the hydrolysis of a fat (fats are esters) with strong base yields 
a soap. (See page 218.) 

It should be noted that the esters, the acid anhydrides, and the ethers are 
compounds with somewhat similar structure: 


C2H5 





C^Hs 


C2H5 

CH. 0 

c 

\ 

\ 

0 

0 

/ 

/ 

CH,C 

CHsC 

^0 

V) 


They are formed by the same type of reaction, loss of water between 
hydroxyl groups: 
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C 2 H, 


C 2 H, 


[5 

C,H 5 

CH3— C 

\ 

\ 

\ 

lOH 

OjH 

|o 

OlH 

JOH 

0 

/ 

CII3— c 


/ 

5 

• CHjC 


V) 

^0 


All are subject to hydrolysis, but not with equal facility. In reactivity the 
esters lie between the ethers and the anhydrides. 

This is reasonable if we take into account the structures of the com- 
pounds. In a hydrocarbon or an ether we have a fairly symmetrical dis- 
tribution of electrons and consequent strong bonding between C — C and 
C — O, but in the ester and acid anhydride the presence of carbonyl upsets 
the symmetry. (The same is true of acid chlorides which hydrolyze well.^ 
It is likely that the first step of the hydrolysis involves the addition of watt, 
to the carbonyl group; this is followed by the breaking of the C — O bond. 

The presence of hydrogen ion increases the si)eed of hydrolysis of an 
ester, the rate being proportional to the hydrogen ion concentration. This 
gives a reliable method of comparing the strengths of acids (by using them to 
hydrolyze a given ester and noting the relative speeds of hydrolysis). 

When a base is used the hydrolysis is not only much more rapid than 
with an acid but the reaction product (organic acid) is neutralized by the 
base, forming a salt; hence the reaction cannot reverse. 

(2) Reaction with ammonia: 


. 

CHr-C— lOCaHs + HjNH; 5r± C JIsOH + CH3— C— NH* 

Acetamide 

The corresponding amide is formed by this reaction, and the alcohol of the 
ester is set free. This reaction is reversible but at equilibrium the concen- 
tration of ester is very low and the yield of amide practically quantitative. 

(3) Reduction. It will be remembered that direct reduction of acids 
is not practical. The reduction of an ester is, however, a valuable means for 
effecting reduction of the carboxyl group. The products are two alcohols, 
one of which corresponds to the acid from which the ester was made: 

Redn 

RCO2R' > RCH2OH + R'OH 

411 

The reduction may be accomplished by the use of sodium and alcohol; 
commercial practice is to employ catalytic hydrogenation, using hydrogen 
with copper chromite. The reaction temperature is 200®+* the pressure 
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Scotch.) (Jouper deserves credit equal to 
Kekul6’s for proposing structural formulas 
for organic compounds. His paper was 
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Ind.y 60, 931 (1931), J. (Item. Education, 
7, 2808 (1930), ibid., 11, 331 (1934). 
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Charles Friedel. (1832-1899, French.) 
Friedel was interested in both mineralogy 
and chemistry. He studied chemistry in 
Wurtz’s laboratory; here he worked on 
aldehydes and ketones and discovered 
isopropyl alcohol. Later he became 
professor of organic chemistry at the 
Sorbonne, succeeding Wurtz. Friedel did 
much work with organic compounds of 
silicon; he performed the synthesis of 
glycerol from acetone. He is best known 
in connection with the Fricdcl-Crafts 
reaction. See J. Chvm.. Soc. (London), 
77, 993 (1900); Thomas, Anhydrous 

Aluminum Chloride in Organic Chemistry^ 
Reinhold Pub. Corp., 1941; also this book, 
page 575. 
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about 3000 pounds per square inch. The method is applied to esters of the 
higher acids, including the glycerides. The long-chain alcohols are valuable 
for use in perfumes, for aldehyde manufacture, and for the preparation of 
new type detergents (page 220 ). 

( 4 ) Claisen condensation. In the presence of metallic sodium and a trace 
of alcohol, certain esters undergo condensation with themselves, or other 
compounds. Thus ethyl acetate condenses with itself to yield the important 
compound ethyl acetoacetate (acetoacetic ester), as shown schematically 
in the following ecpiation: 


O 


/ 

CHs— OC2H6 + Hdls 


-C— OCoHs 


H 

0 (k; 2H5 n 

1 / 

CII,— CHzC— OC2H5 


O- 


CHr-C- 




II 

OC2H,, 



CH2C— OC2H6 


CjII^OH +CII3— C— (’II2— C— OC2H5 

Ethyl acetoacetate, 
Acetoacetic ester 


The condensation of ethyl acetate to acetoacetic ester is believed to take 
place in several steps. Following is Claisen’s theory of the reaction. 

(a) The sodium reacts with the small amount of ethyl alcohol present 
to form hydrogen and sodium ethoxide, the latter then uniting with a 
molecule of ethyl acetate: 

n OC,U5 

I 

CII3C- OC2H6 + NaOCillo -> CHsC— OC2H5* 

I 

ONa 

(b) The addition-product next reacts with another molecule of ethyl 
acetate to form the sodium salt of acetoacetic ester and ethyl alcohol. 


ONa 

H 

IOC2H6 

H 

/ 

\ 

-C 

+ C- 


/ 

OC2H6 H| 




o 


ONa H 


CH 




^,0 


:^C— C-OC2H5 


The ethyl alcohol so released is again converted to sodium ethoxide, which is 
able to convert further quantities of ethyl acetate to acetoacetic ester. 

* This addition compound has not been isolated. The sodium ethoxide seems to be a 
catalyst but perhaps does not react in the manner shown here. The most recent theory regard- 
ing the Claisen condensation will be found in references 47, 48, page 225. 
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(c) Treatment of the sodium salt of acetoacetic ester with an acid yield? 
the free ester: 

ONa H ^ 

CHs— C==C~C— OCalls + CITaC— OH 

OH H 


^O ^ ^ 

CIIaC^)Na + CHa— C==C- 


-C^-OCgHfi 


The reaction in its simplified form as shown on page 208 should be compared 
with that for the formation of aldol (page 148) which it closely resembles. 
The commercial method of preparation is given on page 292. 

Acetoacetic ester lends itself to the pre})aration of a number of different 
substances, being extremely versatile in synthetic applications. It will be 
profitable to review the behavior of this compound in some detail. 


Acetoacbtk’ Ester 


Acetoacetic ester has in the past aroused considerable interest among 
chemists, ))ecaiise of the conflicling nature of its reactions, which are at the 
same time those of a ketone, and of an unsaturated alcohol. No one formula 
could be assigned to the compound which would justify these different reac- 
ti<)ns. The explanation of tliis seeming conflict lies in the fact that the 
substance is tautomeric, and exists at one and the same time in two forms, 
one, termed the keto form, having the following structure: 

CII3C— CHa— C— OCzHs 


while the other, called the enol type, is: 

OH H ^ 

I I 

CH3C-=C— C— OCalls 


(see page 614) 


We have noted this same behavior in the case of acetaldehyde (page 145). 
In the case of acetoacetic ester, both forms of the compound have actually 
been isolated, and the change of one type to the other under various con- 
ditions has been studied. 

A sample of the ester at ordinary temperature contains both keto and 
enol forms in equilibrium with each other; about 8% is enol and the balance 
is in keto form. Any reagent which removes one form of the ester by 
reacting with it will cause more of this form to appear by intramolecular 
rearrangement; that is, a tautomeric change of this sort obeys the law of 
mass action for reversible reactions. For example, if a certain reagent 
reacts with the keto form, more and more of this tautomer will be formed 
from the enol tautomer to take the place of the molecules which have been 
removed; the entire sample will react as a ketone* 
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The change from one form to the other involves the shifting of a hydrogen 
atom, as in most other forms of tautomerism. When, as in this case, both 
tautomers may be isolated, they are called desmotropeSy and the phenomenon 
is known by the name of deftmotropy,* 

Reactions of A( ktoacetic Ester 

The keto tautomer of acetoaeetic ester adds hydrogen cyanide and it 
forms both an oxime and a bisulfite compound, reactions typical of the 
ketone structure. 

The enolform shows its unsaUiration by its reaction with bromine, which 
is added and apparently forms a dibromo compound that loses hydrogen 
bromide very easily: 

OH O 

1 n 11 

CII3— C €--C— 

1 I 

Br Br 

Acetoaeetic ester, treated with ferric chloride, gives a deep color; the same 
behavior is shown by other compounds known to have hydroxyl group. 

The presence of a hydroxyl group is also shown in the fact that the ester 
forms a sodium salt. The ester dissolves in dilute alkali but is not suffi- 
ciently acidic to dissolve in sodium carbonate solution. The ionization 
constant is about 1 X 10“^ The sodium salt is a derivative of the enol 
form of the ester, but it is not feasible to assign it a graphic formula, because, 
as will be shown later, the enol contains a hydrogen bridge (see page 127 ). 
A structural formula which leaves the position of sodium undetermined will 
be used instead. 

Alkylation of the Ester. In the various syntheses with acetoaeetic ester, 
the sodium salt is usually the starting compound. It may, for instance^ be 
treated with an alkyl halide. By such a reaction the alkyl group is sub- 
stituted for hydrogen atom of the methylene group of the ester. 

0 0 0 0 

II H II II H II 

[CH3C— C— C— OC.3H4-Na+ + CII3I -> Nal + CHsC— C— C— OCJIs 

CHa 

The second hydrogen of the CH2 group may now be replaced by sodium 
and another alkyl group introduced as before: 

* This term, formerly often used, is apparently being dropped. The general phenomenon 
of tautomerism (ionotropy) covers both prototropy (migration of proton) and anionotropy 
(migration of an anion). Though the prototropic change has been figured in this book as 
involving a shift of hydrogen, the actual steps are probably (1) loss of a proton, leaving a nega- 
tive ion, (2) electronic shifts in the negative ion which place the free electron pair in a new posi- 
tion, (3) addition of a proton in the new position. 


o o 

II H II 

HBr + CII3 C— C- C- OC2II6 
Br 
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0 0 0 0 

II H II NaOCjHa || || 

CHaC C ( '— OC.Hb > l('H.,C— C— C— 0C2HB]-Na+ 


() 

!l 


IClU'r 


cih 

o 

II 


CII3 


0 


Nal + ('II3O- 


V-M, O 

I II 

C C— OC^Hb 


CII3 



Hydrolysis of the Ester. Two distinct classes of substances are pro- 
duced by the hydrolysis of .acetoacetic ester or its alkyl substitution prod- 
ucts. If the hydrolysis is accomplished by <lilute alkali f)r acid, ketones arc 
formed (ketone hy<lrolysis) : 


O 

// 

CHa— C-CII2- 


o 

/ 

C — 0| 

iu 


C^Hb 

OH] 


CO2 + CjHbOII + CH.r 


O 

/■ 

-C-CHa 


By till! hydrolysis of a substaiua* like that shown above, in which alkyl 
groups have been introduced, we obtain an alkyl-substituted ketone: 


I A 

CII3- C 0 - (’— OCjIIb -f HaO COa + C^HbOH + 

1 

CTIa 

O Calls 

I 

ciia—r — CH 

I 

CH, 

Methyl sre butyl ketone 


The hydrolysis of acetoacetic ester by a concentrated alkali yields acids 
(acid hydrolysis) : 


CHa— C- 

i HO" 


/ 


O 


/ 

-CHa— C— 

H' ■ 110 


O 


-OCsHb CaHaOIT H- 2CH3- 

Ij-i 


-c— on 


Therefore the substituted ester just discussed would be capable, by this 
type of hydrolysis, of producing a dialkyl-substituted acetic acid: 


The acetone and carbon dioxide result from the decomposition of acetoacetic acid: 

! ! 

CHg-^C — CH2“pC02rpH 
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CHs— C C C— OC2H6 + 2H2O -♦ CJUOH + CTI3— C— OH + 


CHa 


C..II 5 O 

\H 

C— C— Oil 

/ 

CHs 

a-Met.hyl-butyric acid, 
Methyl-ethyl-acet ic 
acid 


The two types of hydrolysis shown here take place side by side. By 
choice of the proper conditions one is able to favor the desired reaction, 
but it is impossible to completely suppress one reaction in favor of the other. 

It is easily seen that these reactions of substitution and hydrolysis allow 
the formation of many derivatives of both ketones and acids.* Only the 
simplest applications have been discussed here; other uses of the ester, of 
which there are many, are more suitable for advanc(*d study. The reaction 
of acetoacetic ester with phenylhydrazine by which antipyrine is prepared 
is shown on page 486. For the use of acetoacetanilidc, a valuable dye 
intermediate, see page 681. 


Physical Pbopbrties op Esters of Organic Acids 

Esters, except those of high molecular weight, are liquids. They arc 
neutral substances, colorless, usually of pleasant odor. In general they are 
lighter than water. The lower esters are somewhat water-soluble; solu- 


Table 18. — Boiling Points of Esters 


Acid radical 

Methyl 

Ethyl 

w- 

Propyl 

w-Butyl 

n-Amyl 

Formic 

32 

54.0 

81.3 

106.9 

130.4 

Acetic 

59-60 

77.1 

101.6 

126.1 (740) 

148.4 (737) 

n-Propionic 

79.7 

99.1 

122-3 

146 

160.2 (iso) 

w-Butyric 

102.3 

121.3 

142.7 

165.7 (736) 

178.6 {iso) 

n- Valeric 

127.3 

145.5 

167.5 

168.7* 

194t 

Nitrous 

- 12 

17 

57 

67-8 {iso) 

104 

Nitric 

65 

87-8 

110.5 

122.9 

(iso) 

147-8 {iso) 


* Isobutyl iso valerate, 
t Isoamyl iso valerate. 


* The reaction is not well suited to the preparation of di-substituted ketones; the prepara 
tion of acids is often more conveniently carried out by means of the malonic ester synthesis 
(page W)* 
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bility decreases with rise of molecular weight. Esters are freely soluble in 
alcohol and ether. 

Inspection of the table on p. 212 shows that esters have low boiling 
points, often lower than those of the acids and alcohols involved in their 
preparation. The structure of an ester is such that it cannot associate as 
can either acid or alcohol; hence it has a “normar’ boiling point (see page 
126 ). 


Detkction and Identification of Esters 

The presence of an ester is suspected when the compound in hand has 
the physical properties enumerated above and the cliaracteristic ester odor. 
Esters are soluble in cold concentrated sulfuric acid, and those with fewer 
than nine carbon atoms dissolve in phosphoric acid. 

An ester is identified by first saponifying it, then making separate 
identification of the acid and alcohol produced in the saponification. 

Fats. Oils 

The fats and fixed oils arc esters of a special class, inasmuch as all are 
derived from glycerol. They deserve a separate mention for this reason, 
and also because of their great importance as foods, and their extensive use 
in industry and medicine. Ordinarily by the term fat one refers to a sub- 
stance which is solid at room temperature, liquids being termed oils.* The 
low melting points of the oils are frequently due to the higher percentage 
of unsalurated radicals in their molecules as compared with the molecules 
of the fats. 

The formula for a typical fat ester is: 

O 

II 

a H2— C— O— C— Cnllss 

O 

j8 II — C — O — C — CisHai i^-Palmito-a, a'-distearin 

O 

a H 2 — C — O — C — CitHss 

These substances are known as triglycerides. The name of any one of 
them is based upon the names and positions of the acids which are esterified 
with glycerol. Such names frequently end in “in.’’ The substance shown 
above is a mixed glyceride. Stearin, or tristearin, shown below is a simple 
triglyceride. 

* One should distinguish sharply between the oils considered here, fixed oils or fatty oils, 
the mineral oils (Chapter ID, and the essential oils (Chapter XXXIII). 
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O 

II 

H 2 — C— O— C— C 17 H 35 

0 

II 

H — C — (.) — C— (.'irHsi Stearin, (ilycerol tristearate 

0 

II 

Ha— C— O— C— C,7ll.,r, 

Preparation. Fats and oils arc obtained from vegetable tissues (seeds, 
fruits) by breaking the tissues and apjdyiug pressure. Solvent extraction 
is also used. Some fats can be rendered. The crude animal niatter is 
heated in water, wluTeiipon the fat melts and floats on the water. Puri- 
fication of fats and oils is effected by straining, or filtration. 

Physical Properties. Fats are colorless, odorless, and tasteless. They 
have a specific gravity less than that of water. Insoluble in water, they 
are but sparingly soluble in alcohol, and freely soluble in carbon disulfide, 
turpentine, carbon tetrachloride, ether, light petroleum oils, etc. Fats 
themselves are good solvents; thus in ptTfuine making, lard has been used 
to extract the flower oils from tin; flower petals. Fats may not be distilled 
at ordinary pressure without decomj>osition. 

Structure. A fat molecule may be a mono-, di-, or tri-glyceride; if a 
di- or triglyceride, it may be either simple or mixed. In nature mixed 
triglycerides are the rule. Both saturated and unsaturat(‘d acids (with 
double bonds) are found in their molecules. When several different acids 
are combined with glycerol, different compounds result, as shown herewith. 
In this case the acid radicals are shown as P, O, and S. 

ii2-c:-p, -o, -p, -p, — p, -o, 

I 

H-C- P, — O, — O, — P, — O, — P, etc. 

I 

H 2 — C— P, — O, — P, — o, — s, — s, 

If ten different monocarboxylic acids arc combined in all possible ways, 
550 different triglycerides may be produced. 

Acids Used in Fats. The acids found in fats are straight-chain saturated 
monocarboxylic acids with from 4 to SO carbon atoms, and unsaturated 
straight-chain acids, monocarboxylic, with from 4 carbons up. The acids 
found in fats have an even number of carbons. The most important ones 
are oleic, palmitic, stearic, linolcic, and linolenic acids. 

Chemical Properties of the Acids. The physical and chemical prop- 
erties of the saturated acids were taken up in Chapter VIII. For the higher 
acids found in fats the most important derivatives are the salts (soaps) and 
the esters. The unsaturated acids may be reduced to saturated acids of 



FATS AND OILS 


215 


Tatile 10.““(’ommon Acids of Fats 


Name 

Formula 

M.p. 

Source 

Butyric 


-'4 7 

But Icr fat 

Caproic 

< rJIiiiO- 

- 1.5 

Butter fat, coconut oil 

(’aprylic 

( sllir.O> 

16. 0 

Coconut oil, palm oil, butter 

Capric 

t H)ll2olh 

31 .5 

Butter fat, coconut oil 

Kauric 


47-8 

(’(uronut oil, spermaceti 

Myrislic 


57-8 

Nutmeg oil, butter fat 

Palmitic . , 


<;3-4 

Palm oil, animal fats 

Stearic 

t isllrtfiOi 

(»0 70 

Bt‘cf, mutton tallow 

Arachidic 


77 

Aracliis oil (peanut) 

Bchcnic . . . 

(V>ll44(>2 

84 

Ben oil 

due donh/c bond 




( )lcic 

( isJ1;m02 

14 

Almond lard oil, peanut oil 

Knicic 


38-4 

Bape oil, mustard oil 

Two double bo mbs 




I .inolcic 

(\sTl32<)2 

I <-18 

(.Cottonseed oil, peanut oil 

Three double bonds 




Liiiolcidt; 

i 


Bin seed oil 

Four inuliijde bonds 



(lui)anodonic 


A 

1 

oc 

Fish oils, whale oil 


fcorrcspoiuliiig siructiire. This is done with hydrogen in presence of a 
catalyst. 



Fig. 31. — Apparatus for catalytic hydrogenation at high pressure and temperature. {Sargent 

and Company.) 

The mild oxidation of an unsaturated acid yields a dihydroxy acid (see 
reactions of ethylene) : 
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II H Grid H H 

CH3(CH2)7C=C(CH2)7C02H > CHsCCHs)?-- C- C— (CH2)7C02H 

1120 / \ 

HO OH 

Oleic acid Dihydroxystearic acid 

More powerful oxidation splits the molecule at the site of the double 
bond giving two acids, one of which is, of course, diearboxylic. The location 
of the double bond is determined by examination of the products. The reac- 
tion with ozone may be used for the same p^^rpose (see p. 57). 

Oxid 

Dihydroxystearic acid - CHaCCII^):— (X JT -f HOO(^- ((;TT 2 )r--(^D 2 H 

IVlargonic acid Azc*laic acid 

As would be expected, the iinsaturated acids add bromine and iodine readily 
at the double bonds. 


Table 20. — Ann Content of Fats and Oils 


Name 

Oleic 

Lino- 

leic 

Lino- 

lenic 

Stearic 

Myrist ic 

Palmitic 

.\racbid 

Butler* 

27 

4 




11 

.4 

22.6 

22 

() 



Mutton tallow 

36 

0 

4 

3 


30 

.i) 

4.0 

24 

() 



Castor oilf 

9 


3 



3 







Olive oil 

84 

4 

4 

6 

.... 

2 

.3 

trace 

0 

9 

0 

1 

Palm oil 

38 

4 

10 

7 


4 

2 

1.1 

41 

1 



Coconut oil t 

5 

0 

1 

0 


3 

0 

18.5 

7 

5 



Peanut oil§ 

60 

6 

21 

6 


4 

9 


0 

3 

3 

3 

Corn oil II 

43 

4 

39 

1 


3 

3 


7 

3 

0 

4 

Cottonseed oil 

33 

.2 

89 

A 


1 

9 

0.3 

19, 

1 

0 

.6 

Linseed oil 

5 


48 

,5 

34.1 








Soybean oil H 

82 

.0 

49 

3 

2.2 

4^ 

.2 


6 

5 

0, 

,7 

Tung oil** 

14 

9 




1 

3 


4. 

1 



* Contains caproic, 

t%; 

caprylic, 1.8%; capric. 

1.8%; butyric, ! 

1.2%; 

lauric 

, 6.9%. 


t Contains about 85% of ricinoleic acid, 12-hydroxy-9-octadecenoic acid (ni.p., 17°), 
CH8(CH2)6CH0HCH2CI1 -=C H(CIl2) 7COOH. 

t Contains caprylic, 9.5%; capric, 4.5%; lauric, 51%. 

§ Contains 2.6 % lignoceric acid. 

II Contains 0.2% lignoceric acid. 

^ Contains 0.1 % lignoceric acid. 

’•‘^Contains 79.7 % eleoslearic acid. 

Chemistry of the Fats. First in importance is the reaction of hydrolysis, 
which may be carried out with superheated steam alone, or with the help 
of acid or base. The latter process, which yields soaps, is called saponifi- 
cation. Certain enzymes (lipases) which occur in nature also promote 
hydrolysis of fats. j 

Rancidity of fats may be due to hydrolysis upon standing, which in th<^ 
case of butter yields volatile acids of unpleasant odor^ Another form nf 
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rancidity is due to oxidation of unsaturatcd fats promoted by light and heat. 
This oxidation yields aldehydes and acids which have strong odors. 

Hydrogenation of oils is practised in order to raise the melting point of 
oils for use in the kitchen, for soap making, and for the preparation of 
margarins. There is a pr(*judic(‘ against the use of oil in cooking in this 
country with a preference for the use of lard. By heating a vegetable oil 
with hydrogen under pressure in the presence of finely divided nickel, it is 
possible to reduce and hydrogenate the double bonds of the acid chains in 
situ* to such a point that the material on cooling will be a semi-solid, similar 
to lard. Crisco, Snowdrift, Spry, are made in this way from vegetable oils. 
Comi^lete hydrogenation would give a hard and brittle solid unsuitable for 
the purpose intended. 

A butter substitute (Oleomargarin) may be made by mixing hydro- 
genated oil with suitable vegetable fats, churning the mixture with milk 
or cream, adding salt, and perhaps a small amount of butter. 

Auto-oxidation of unsaturated oils occurs in the case of some on exposure 
to light and moist air. Apparently oxygen is added at the double bonds, 
and possibly there is some polymerization. A tough, hard solid results after 
some time. Such oils are known as drying oils (linseed oil, hempseed oil, 
poppyseed oil, tung oil). They are used in paints and varnishes. The 
drying action may be hastened by the use of catalysts. “Boiled linseed 
oil,’* for example, has been heated with lead oxide in order to hasten its 
rate of hardening. Lead, manganese, and cobalt soaps are used in paints 
to hasten drying. Linoleum is a mixture of powdered cork and pigments, 
which is mixed with linseed or tung oil and spread on a cloth backing to 
harden. 

Analytical. The highly complex nature of the natural fat mixtures makes necessary a 
number of physical and chemical tests in order to gain approximate ideas about their composi- 
tion. Physical constants which have value are melting point, absorption spectrum, index of 
refraction, specific gravity, and viscosity. 

The total fat in a commercial crude is obtained by extraction with hot ether in a special 
apparatus. The dried sample, placed in an extraction thimble, is continuously extracted with 
a small amount of ether. When extraction is complete, evaporation of the ether leaves the 
fat, which is weighed by difference. The Babcock test is used for fat in milk or cream. This 
is treated with concentrated sulfuric acid, which, reacting with the water present, liberates 
enough heat to melt and separate the fat. The fat layer rises to the top of the special bottle 
used, where a series of calibrated graduations allows one to measure the percentage of fat. 

The aaponificaiion numher is the number of milligrams of KOH needed to saponify one 
gram of fat. Saponification is accomplished by the use of standard alcoholic potash with a 
weighed sample of fat. 

Unsaponified Portion. Any material in a sample which is not saponified by alkali may be 
extracted by the use of ether. The glycerol and soaps formed by the saponification remain 
dissolved in the water layer. Evaporation of the ether layer then gives a residue of unsaponifi- 
able material (sterols, waxes). 

Reichert- Meissl Number. This is the number of cc. of N/10 alkali required to neutralize 
the water-soluble volatile fatty acids resulting from the hydrolysis of five grams of fat. The 

* That is, without decomposition of the ester molecules of the oil. 



218 


TEXTBOOK OF ORGANIC CHEMISTRY 


fat is saponified by the use of a solution of sodium hydroxide in glycerol, after which the 
mixture is acidified with dilute sulfuric acid and distilled in steam. It will be remembered 
that the acids with carbon content up to 10 are volatile in steam. The distillate is chilled 
and filtered, and the titration of the filtrate gives the R/M number. From the titer of insolu- 
ble volatile acids we get t.lu* Polenske number. Butter has U/M number of 37-33 while that 
of cottonseed oil is less than 1 . 

The Iodine number of a fat is a measure of unsaturation. It is the number of grams of 
iodine added by 100 g. of ttie fat. The sample, disstdved in a suitable solvent, is treated with 
an excess of iodine .sobiti<jn; after having stood a suflicieiit time, the amount of iodine which 
remains unused is determined by the use of s<Klium thiosulfate solution. Non-drying oils 
have an iodine number less than 100; a value more than 130 indicates a drying oil. 


St)APS 

Soluble soaps are by definition the sodium and pf)tassium salts of satu- 
rated fatty acids having from eight to about eighteen carbon atoms. Those 
with sodium ion are hard soaps, and those with potassium are soft soaps, 
more water-soluble than the formtT. Soaps of other metals (aluminum, 
copper, lead, mercury, zinc) have special uses, but are not suitable for wash- 
ing purposes. 

Sodium and potassium salts, while water-soluble to a certain extent, are 
insoluble in fat solvents such as ether, petroleum oils, benzene, carbon 
tetrachloride, etc. 

For hard soaps, oils and fats with a high percentage of saturated acids are 
desirable (beef and mutton tallow, palm oil, coconut oil, lard, hydrogenated 
vegetable or whale oils). XJnsaturated acids, such as linolenic or clupano- 
donic, in a hard soap oxidize on standing and imj)art an unpleasant odor. 
Soft soaps employ linseed oil, cottonseed oil, and fish oils. 

Soap Making. The most common method for the production of hard 
soaps involves the saponification of fats by alkali: 


HaC— O— C— C17H36 


HjC— OH 




O 




o 


HC— O— C— CivH,., + 3 NaOH HC— OH + SCnHsDC— ONa 


H2C — O — C — C 17H36 

Stearin 


H2C— OH 

Glycerol Sodium stearate, a 

soap 


The fat is heated by live steam, and lye is added to start the saponification. 
After a time, sodium chloride is added to salt out and separate a portion of 
the soap, after which more lye is added and later more salt. The soap floats 
as an upper layer over a layer of spent lye, salt, and glycerol solution, which 
is drawn off and processed to obtain pure glycerol The soap is again 
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treated with hot water and additional base, to complete the saponification, 
then after a period of standing is kneaded in the “crutcher” to insure a 
uniform composition. Fillers, perfumes, etc. arc incorporated at this time. 
After standing in frames for some days to harden, the soap is cut into slabs 
and bars, Tlie bars may ))e dried slowly, and then pressed into the final 
cakes, or the bars may be ehip])ed and dried quickly. The chips are then 
milled and made into cakes. 

Fats may be liydrolyzed ]»y the use of live steam alone. The process 
would be very slow on account of the poor contact between fat and water, 
but is hastened by causing emulsification to take place by the addition of 
about one per cent of the Twitchell reagent (an aromatic sulfonic acid). 
The glycerol produced by this nu'thod is of course U‘ss cojitarninated to begin 
with than in the lye method. The fatty acids resulting from the hydrolysis 
are neutralized by the use of sodium carbonate. A ])ortion of the stearic 
acid may be diverted for candl(‘ manufacture. 

Substances added to soap include rosin soaps or sodium carbonate (to 
increase lathering }>ow<‘r), \'arious cleaners such as borax, sodium silicate, and 
fillers (clays, fullers earth, flour, bran, sawdust, sugar, moss). Perfumes 
may be added, or medicinal agents (camphor, ])henol, thymol, sulfur, zinc 
oxide), or special solvenls (benzene, decalin, carbon tetrachloride, tetralin). 
Inorganic salts or dyes are added to give color and mottled effects. 

Chemistry of Soap. Soaps being siilts of weak acids with a strong base, 
are somewhat hydrolyzc‘d in water: 

Ci7H35C02Na + lU) NaOII + (^.U^COzll 


Soap exists in colloidal form in water solution and most of the fatty acid is 
adsorbed by the colloid, not free in the solution. Soaps may b(‘ precipitated 
(“salted out”) from an aqueous solution by the addition of sodium chloride, 
as they are insolul)Ie in brine. 

By the action of a miiu*ral acid, the free fatty acids may l)c secured from 
a soap (salt). These acids are practically insoluble in water, but freely 
soluble in ether, while the oi)posite liolds true for the soap. 

C, 7 lI., 5 C()ONa + H(1 ->NaCl + C^.U^COOll 

Sodium and potassium salts, as stated, are water-soluble, while the salts 
of calcium, barium, magnesium, copper, etc. are quite insoluble. Hard 
water thus gives a precipitate (d* iJie calcium (and magnesium) salts when 
soap is used with it: 

2 CnH 3 r,CX)()Na + ( a(H(X)3)2 2NaH( Og + (( i7H3hC()0)2Ca 

Water may be softened in tliis way, though it is not an economical process. 
The hardness of water may be ascertained by a method based upon this 
reaction. 
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Uses. Soaps are useful for other purposes than cleaning. Several soaps 
arc used to hasten the drying of paints (manganese, cobalt soaps). Copper 
and mercury soaps are used as disinfectants. The zinc salt of stearic acid is 
a component of many toilet powders. Lead plaster, or lead soap, is used in 
medicine. Stearates have many uses. Aluminum stearate is used in com- 
pounding greases for lubrication; aluminum, calcium, and other stearates are 
used as lubricants, for paper sizing, as antioxidants, in crayons, as water- 
proofing compounds, and in other ways. Soap is a good disinfectant. Most 
ordinary germs are killed by soapsuds. Soaps are also good insecticides. 

Cleaning Action of Soap. When soap is dissolved in water, there is a 
large drop in surface tension. Thus water at 25°C. has a surface tension of 
72 dynes per cm., while a 0.05% solution of a good laundry soap has a sur- 
face tension of about 30 dynes per cm. This lowering of surface tension 
facilitates the emulsification of grease and fat, and it also allows a better 
penetration of the soap solution into cracks and crannies. 

The soap molecule has a long hydrocarbon chain and a polar carboxyl 
group. The hydrocarbon paft has fat-dissolving properties, while the 
carboxyl group is attracted and held by water. Thus the emulsified fat is 
taken up by the soap molecules. A small droplet of fat can be pictured as 
surrounde'd by soap molecules, the alkyl chains of which would “point 
inward” being dissolved in the fat, while the carboxyl groups wotild “point 
outward” and repel other similar aggregates. The result would be a stable 
emulsion of fat in water. This treatment of detergent action of soap has 
ignored certain important points, and is not offered as a complete explana- 
tion of this phenomenon. 

Detergents, emulsifying agents, and wetting agents are all classed as 
“surface-active” agents. Due to the polar nature of the molecules, dis- 
cussed above, they have the ability to collect at a liquid-liquid or liquid-solid 
interface. Molecular weights of suitable compounds run from about 200 to 
1000. Detergents are generally long-chain compounds with a water- 
soluble group at one end; wetting agents have the water-soluble group 
near the center of the molecule. An example is aerosol O.T. 

COOCsHit 

HC— SOaNa Aerosol O.T. 

I 

HCH 

1 

COOCsHu 

New Detergents. One of the recent developments in the field of deter- 
gents is the preparation of sulfuric acid esters of higher alcohols (ten carbons 
up). The sodium salts of these esters are good detergents. They may be 
used in hard water or salt water, or in slightly acid solutions, where ordinary 
soaps fail. The general formula for these soaps is ECH^OSOaNa. An 
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example is CH3(CH2)]oCH20SOsNa, sodium lauryl sulfate. The long- 
chain alcohols (lauryl, myristyl, palmityl, stearyl) are obtained by the 
catalytic reduction of fats, then treated with sulfuric acid, subsequently 
with alkali. 

ROH + H2SO4 II2O + ROSO2OH 
ROSOaOH + NaOlI H2O + ROSOoONa 



Fig. 32.— Model of a surface-active molecule. This is a polyoxyethylene derivative of a 
sorbitan monolauratc. {Courtesy of Atlas Poufder Company.) 

Tracie names of several such products are Gardinol, Dreft, Orvus. The 
Igepons form another class of compounds with special advantages as deter- 
gents. They have sev<*ral type formulas. 

Igepon A is: 

O 

II H II 

CH 3 — (CH 2 ) 7 --C=C— (CH 2 ) 7 >-C— 0— CHsCHgSOaNa. 

While there is no likelihood that these new detergents will displace soap 
for general purposes, they will without doubt do so in those special situations 
named above in which soap has been unsatisfactory. Some idea of the 
number of special wetting agents and detergents now available may be 
had from Reference 35, page 224. See also page 438. 

WAXF4S 

Waxes differ from fats and oils in that they are esters of various mono- 
hydroxy alcohols, instead of being confined to glycerol. The formulas of 
several waxes follow: 
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O 

11 

Spermaceti is largely cetyl palmitate, CisIIsiC — OCieHss. 

O 

11 

Beeswax is cerotic acid, C26H6i(’ — OH, with myricyl palmitate, 

O 

il 

c^aiaic— oc3iH63. 

o 

'I 

('hinesc wax is ccryl cerotate, C^islTbiC — OCacHhs. 

Carnauba wax has been found to have a more complex composition than 
those already given. Inspection of these formulas shows these compounds 
to be quite analogous in structure to the simple esters which have already 
been studied. 

The chemistry of the waxes resembles that of the simple esters, in so far 
as investigation has been made. Waxes are used in making candles, in 
toilet goods and cosmetics, in polishes, in textile sizing, in lacquers atid var- 
nishes, in electrical insulating mixtures, in candy making, and in medicine. 

REVIEW QUESTIONS 

1. Write graphic formulas for: (a) Isopropyl acetate; (b) Butyl formate; (c) Methyl olcate; 

(d) Alkyl formate; (e) Amyl butyrate. 

2. Write the structural formulas of esters having the molecular composition 

3. Show by equations the formation of amyl nitrite; of amyl nitrate. 

4. Write equations for four methods of preparation of propyl acetate. 

5. Show in the form of a chart or table the reactions of acetyl chloride, acetic anhydride, and 

ethyl acetate, with water and with ammonia. 

6. Arrange the following substances in the order of their decreasing activity towards water: 

diethyl ether, acetic anhydride, ethyl acetate, acetyl chloride. 

7. In what way can it be shown that acetoacetic ester exists in both keto and enol forms? 

8. Show by equations how' dimethylacctic acid may be made by the acetoacetic ester syn- 

thesis. 

9. Write equations showing how' to make methyl isopropyl ketone by acetoacetic ester 

synthesis. 

10. What substances could be formed by aldol condensation between ethyl acetate and ethyl 

propionate? (Note remarks on page 149.) 

11. Write equation for the reaction of NaOH solution upon palmitin ((dycerol tripalmitate) . 

12. How could sodium stearate be separated from stearin? From stearic acid? 

13. Show by equations the action of hard water (Ca, Mg ions) upon sodium palmitate. 

14. By what test could oleic acid be distinguished from stearic acid? 

15. Indicate by an equation the action of NaOH solution upon spermaceti. 

16. A compound of formula C 4 H 8 O 2 was boiled w'ilh an excess of NaOH solution. In this 

way methyl alcohol and the compound (^3H602Na were formed. What was the original 
compound ? 

17. How many cc. of N/10 NaOH solution are needed to completely saponify 10 g. of ethyl 

acetate ? 

(R)18. With alcohol as a source of materials, make diisopropylacetic acid. All organic 
intermediate compounds are to be made from ethyl alcohol. 
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19. What analytical method shows that butter contains a larger quota of volatile fatty acids 

than does lard? Explain the method. 

20. (^-alculatc the saponification number of butyrin (Glyt^crol tributyratc). 

21. Why is soap an unsatisfactory cleaning agent when used in an acid solution? 

22. What type of chemical compound is Igepon A? What long-chain organic acid is f«)und in 

the molecule? 

2.^1. Suggest a method not shown in this (?hapler for the preparation of ethylidene diacetate. 

24. How has it been decided that the alcohol loses hydrogen and the acid loses hydroxyl group 

in an esterification? 

25. A compound suspected of being either an ester or an acid anhydride is hydrolyzed. State 

the results which would follow: (a) if it were an acid anhydride; (b) if it were an ester. 

26. How is it possible to distinguish an ester from a primary alcohol ? from a ketone ? Describe 

the tests to be used in each instance. 

27. What test or tests would distinguish ethyl nil rile from nitroethaiie? 

28. Is it possible to distinguish between a hard fat and paraffin wax? If so, how could it be 

done ? 

29. A soap may contain moisture or free fatty acid, or it may have uncombined alkali. 

Describe the procedure you would use to test for these three impurities. 

80. Putty is made from chalk and linseed oil. Discuss the hardening of putty. 

(R)81. When the st)dium salt of aeeloawtic ester is treated with iodine, doubling of the 
molecule results. The new compound is hydrolyzed with base, and the resulting salt is 
treated with acid to liberate the organic acid product. This is then heated, whereupon 
it loses c:arbon dioxide. The final product is acetonylacetone. Write a series of bal- 
anced equations for these changes. Por what purposes is acetonylacetone used? 

32. If a mixture of acetic acid, hydrochloric acid, and ethyl alcohol is heated, ethyl ac’etate is 
* formed; very little or no ethyl chloride appears. Use these facts in an explanation of 

the loss of OH by acid and H by alcohol in an esterification. 

33. What yield of ester would be obtained by treatment of one mole of acetic acid (in presence 

of a small amount of sulfuric acid) with: 

(a) four moles of ethyl alcohol; 

(b) eight moles of ethyl alcohol; 

(c) ten moles of ethyl alcohol ? 

Plot the results on a curve and discuss them. 

34. Define the following terms, (a) Drying oil; (b) Saponification; (c) Hydrogenation of oils; 

(d) Saponification number. 

(11)35. An iinsaturatcd monocarboxylic acid whose molecular formula is C2H4O2 is treated 
as indicated below. Interpret the following equations. 

(a) C3H402 + Hl-^(B); 

(b) (B) + C^HfiONa (in excess) (C); 

(c) (C) 4- C2H5l->(D); 

(d) (D) 4- NHa (E). 

Name compound (E). 

36. A sample of ethyl acetate weighing 4.4 g. was heated with 610 cc. of 0.1 N NaOH solution. 

How much of the NaOH solution remained unused? 

(R) 87 . An amide whose melting point is 80 ± 2° gave upon treatment with nitrous acid 
an acid (A) which was treated with thionyl chloride to form the compound (B). Com- 
pound (B) was brought into reaction with ethyl alcohol to ff)rm (C) whose boiling point 
is about 98°C. Show the probable structure of (C) and of two of its isomers. Name 
the compounds. 
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CHAPTER XI 


ACID DEKIVATIVES (III) 
Acid Amides 


The acid amides are C, H, O, N compounds, which are formed by the 
reaction of a fatty acid (acid anhydride, acyl halide) and ammonia. By this 
reaction, the Oil group of the acid is replaced by NIT 2 : 


0 


Clla-C- OH + H NII 


H2O + CII3— c NH2* 


Amides may be looked at in two ways; they may be considered as deriva- 
tives of the acids (NH 2 substituted for OH), or as derivatives of ammonia 
formed by the substitution of acyl group for liydrogen. Pursuing the 
second conception further, we find that compounds exist in which two or all 
three hydrogen atoms of ammonia have been replaced by acyl groups. Such 
compounds are the secondary and tertiary amides: 


(CH3-CO)2Nn (CH3-C0)3N 

Diacetamide, . Triace tamidc, 

secondary amide tertiary amide 


Of the three groups of amides, the primary have the greatest importance, and 
they alone will receive attention here. 

Amides (often called acid amides) have the type formula R — C — NH 2 t 
and are named directly from the acids by dropping the final “ic” from the 
name of the acid and adding “amide.” 

The newer names are formed from the name of the parent hydrocarbon 
and the ending “amide.” 


Examples; CH3C— NH^ 


C2H5C— NH2 


Acetamide, Ethanamide 


Propionamide, Propanamide 


With the exception of formamide, which is a liquid, the primary amides 
are colorless solids. Acetamide, which is the most important, may be taken 

* This is generally printed CH3CONH2 to save space; the student should, however, use the 
graphic formula when writing equations. 

t The NH2 group when attached to acyl is called amido; w hen in union with alkyl it is 
called amino group. 
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as a type. It is a hygroscopic, water-soluble compound, which unless 
specially purified, has an odor like mice. 

Preparation of Amides 

Amides are formed by several distinct methods. The first four of those 
which follow are alike in theory, and represent the action of ammonia on an 
acid. These are : 

(1) Heating the ammonium salt of an acid: 


.0 




CII3 c ~0NH4 ->lhO + CII3— C— NH2 


It may be supposed that the ammonium salt breaks down on heating, to give 
free ammonia and the acid (other ammonium salts do this). The following 
equation shows reactions which could then take place between these 
substanct's : 


O 


/ 

Clly— C— on + HNHj CH 3 


NHs 

I 

-(— OIH 


O 


/ 

■. H 2 O + (’HaC — NH, 


OH 


As "aldehydes add ammonia, it is reasonable to suppose that the acids, which 
also have the carbonyl group, do likewise under the conditions imposed. 

(2) Action of ammonia on the anhydride, acid halide, or c.stcr of an acid 
The equations arc shown on pages 193, 189, and 206. 

Alkyl-substituted amides are formed when amines are used for ammonia 
in this reaction (see page 310). 

(3) The partial hydrolysis of a nitrile also yields an amide: 


CHa- ( N + HjO ^ CII, 


C~ NH2 


We have seen (page 164) that complete hydrolysis of nitriles results in the 
production of the corresponding acids. This partial hydrolysis may be 
accomplished by the use of a solution of hydrogen peroxide and sodium 
hydroxide, or with sulfuric acid: 

RCN + 2H2O2 ->02 + H2O + RCONH2 


Reactions of the Amides 
(1) Action of water, hydrolysis: 

CHa— C— Nils + HaO NH, -|- Cllr-C— OH 

NH, -t- CH,—C-OH CH;^C-0NH4 
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The use of either acid or base will cause this reaction to go to completion. 
In the one case the ammonia will form an ammonium salt with the acid; 
in the other the organic acid will be neutralized by the base. 

Attention should be drawn to the fact that all the substances which have 
been called “acid derivatives’’ including the salts, esters, anhydrides, 
halides, and amides, are subject to hydrolysis. The reaction of hydrolysis 
shown above is the reverse of that by which an amide is made from an 
ammonium salt. 

(2) Action of nitrous acid: 


CHa 


C— Njlj^ 


ri 


+ OlNOH HsO + N2 + CH.r 


-C— OH 


J 


It will be found after study of the amines (page 311), that this is a typical 
reaction of Nil 2 group, forming a means of passing from NH 2 to OH. 

(3) The Hof mann reaction, oxidation with sodium hypohromite. Amides 
treated with bromine and sodium hydroxide solution yield amines having 
one less carbon atom. 


/' 

CHa C— NTI 2 + Bra + 4NaOn 

2NaBr + NaaCOa + 2 H 2 O + CH 3 NH 2 Methylamine 


This reaction offers a means of shortening a carbon chain (sec page 306) 
besides serving for the preparation of the primary amines. 

(4) Reduction of an amide, formation of an amine with the same number of 
carbon atoms. 

Kedn 

CHa— C— NH* >CH,CH 2 NH 2 Ethylamine 

411 


This reaction and the one just above illustrate that the amides and the com- 
pounds called amines are somewhat intimately related to each other. This 
point will be amplified in the chapter on amines. 

{5)^ Dehydration of an amide, formation of a nitrile: 

PsO. 

CHs— C— NHj »H*0 + CH 3 — CsN Acetonitrile 

P 2 O 6 + H,0 2 HPO 3 

We have seen that addition of water to a nitrile produces an amide. This 
reaction shows that the process is reversible. The relations of nitrile, amide, 
and ammonium salt are as follows: 

+HsO +HaO 

CH3— C=N ?=± CHr-C— NHs ^ CHip-C-ONH* 

H,0- 


HjO- 
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A recent method for making nitriles involves the reaction between an amide and boron 
fluoride to make an addition compound. This compound in presence of acetic acid gives the 
nitrile and monammino boron fluoride: 

O 

II IlAc 

CH8(V-NH,.BF3 + CIIaCXlNIIs > CHafXMI + NHs-BFa + CII3CN 

Acetamide-boron Monani mino-boron 

fluoride fluoride 

The >ield of nitrile by this method is good. When treated with an alcohol the addition com- 
pound gives an ester in fair yield: 

(’Ha -C— NHz-lJFs + ROTf - ^ CIIaCOaR + BFa-NlIa 

Boron fluoride may be regenerated to be used again by treating the ammonia complex with 
sulfuric acid. The acetamide complex is a good acetylating agent for cases in which the 
elements of ammonia can be eliminated. 

The compounds formed by boron fluoride with ammonia, acetamide, and other compounds 
of like nature are interesting in that their existence is predicted by the Lewis theory, but not 
by any previous theory. The electronic formulas of ammonia and boron fluoride show that 
the nitrogen of ammonia has a lone pair and that the boron has but six electrons in its outer 
shell. The needs of both atoms are satisfied when they come together: 


H F H F 

H : N : -h B : F — ► H : N : B : F Stable addition compound 

ik F H F 


The new compound contains a coordinate bond (see page 127) and its formula might be 
— + 

written F 3 B NH 3 to show that the nitrogen has made a contribution to boron. 

(6) Salt formation. In water solution, the amides are neutral com- 
pounds, the basic character of the NH2 group being offset by the acid nature 
of the acyl radical. Towards reagents, they are amphoteric; they form salts 
with strong acids, which, however, are easily decomposed by water. With 
strong bases, salts are also formed. It seems probable that in the latter, the 
metal would be joined to oxygen rather than to nitrogen, but both struc- 
tures are possible. An example of an amide salt is mercury acetamide. 




/ 


o 


(CH8C=Nn)2Hg, or (CH3C— NH)2Hg, formed from the reaction of acet- 
amide and mercuric oxide. Amides would then be tautomeric compounds, 
existing in two forms, one, the keto form, having a carbonyl group, while 
the other, the enol form,* would have OH group; 


CH3— C— NH, 

Keto form 


NH 

il 

CHa— C— OH 

Enol form 


This hypothesis is strengthened by the fact that derivatives of the enol form, 
* Xeto-enol tautomerism is discussed on pages 145 and 209. 
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called imido esters (imido ethers), are known. Ethyl imidoacetate will 
serve as an example of this class of compounds. 

Nil 

CII3 — C — 002116 Ethyl imidoacetate (ac^etimido ethyl ether) 

In no case have the two tautomeric forms of any aliphatic amide been s(‘pa- 
rately isolated (see page 524). It appears likely from the behavior ol* 
amides that but little of the enol form is present under ordinary conditions. 

(7) Solvent powers. Basing his conclusions on the many functions 
present in the acetamide molecule (hydrocarbon group, carbonyl, potential 
hydroxyl, amino, potential nitrile group) Stafford decided that it should 
be a good solvent for various types of comj>ounds. The value of the 
graphic formula which allows this form of reasoning is self-evident. Trial 
has shown the soundness of the thesis and has led to an e\xT wider use of 
acetamide as a solvent. 


Table iiJl. -Acids and Acid 1)ekivati\ es 




{ 

j Acid 

Mclliyl 

C.NtiT 

Flliyl 

c.stcr 

1 .\iiuMe 

Acid clili)riilc 

Anhydride 


C’ar- 
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B.p. 
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M.p. 

B.p. 

M.p. 
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M.p. 

B.p. 

Formi<* 

1 

8 6 
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-00 8 

31.8 

-70 

54.0 

2 

103 





Acetic 

a 

10.7 

118.1 

-08.7 

50 

-82 4 

77.1 

81 

222 

-112.0 

52 

-73.0 

130.6 
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Propionic 



141.1 

-87.5 

70.7 

-72 6 

00.1 

70 

213 

- 04 

80 

-45 

I68'8U 

Butyric 

4 

- 4.7 

163.5 

A 

1 

Xi 

tit 

102 3 

-03.31121 .3 

115 

216 

- 80,0 

102 

-75.0 

108.2 

Valeric 

5 

-34 . 5 

187.0 


127 3 


145 5 

106 

230 


128 


218 

Caproic . 

f; 

— 2.5 

202 


140 5 


160 6 

100 

255 


15375« 


241 

Enanthic ..... 

7 

-10 

223 . 5 


172.0 

!i87 1 

06 

258 


175 

+ 17 

258- 6fc 

Caprylic 

8 

+i« 

237.5 

-40 

102.0 

—4.1 8 207 

105-10 

> 200 


105 

— 1.0 

285 




j 



dec. 




Pelar^fonic 

0 

12.5 

254 


214 

—44.5 

227 







Capric 

10 

SI .5 

268.4 



— 18 

224 

,'245 







IJndecylic 

n 

20-30 

228100 



; 



103 






Laurie 

u 

48 

225 



148‘« 

- 10 . 7 I 269 

102 

200'--5 1 

— 17 

145'8 

41 

I ()•(>'' 


Hypnotics. Neodorm, a/77/frt-isopropyl-a/p/?a-bromobutyramide, is an 
example of an amide hypnotic. Another bromine-containing hypnotic is 
called Bromural. Many other amide hypnotics have been made. 


CHs O O 

\H Br II H II 
C— C— C— N—CNHs 
/ H 

CTI, 


Bromural 


Inspection of Table 21, “Acids and acid derivatives,” shows certain 
general facts about the relative boiling points. The acyl chlorides and ethyl 
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esters are seen to have lower boiling points than the acids, while the anhy- 
drides and amides have higher boiling points than the acids. 

REVIEW QUESTIONS 

1. Write* ccjuatioiis for four inethods of i)pepari!if' propionumido. 

2. Indicate by e<|initions tlio action jupon propionarnide of: (a) \aOTI solution; (b) IK’l 

solution; (c) HNOo; (d) and KOJI solution; (c) A reducing agent; (f) A dehydrat- 
ing agent. 

Jb Using acetamide as a source of materials show by efpialions bow the following could be 
made from it: (a) Methane; (b) Acetic anhydride. 

O 

(R)4. How may the following substitutions be brought about: (a) C — OH for I? (b) OH 

II /‘J 

forNTIj? (c) O-OII for C— Nils? (d) !l for C— OH? (o) NH^ for C— NHz? 

t). f 'omplclc the following equations. 

(a) Hutyryl chloride + NH4OH solution — > 

(b) Propionic acid + NH 4 OH .-lolution 

(c) Propyl acetate + NH4OH solution 

(d) Acetamide + Uro + NaOH solution — ^ 

A 

(e) Propionarnide l^Oa —> 

Kedn 

(f) Butyramide > 

4H 

*3. How would you distinguish acetamide from ammonium acetate.^ 

7. Show by a scries of equations the synthesis of acetamide from the elements. 

S. How many cc. of nitrogen will bo produced by the action of nitrous acid upon 8 g. of 
acetamide.^ What weiglit of propionarnide w'ould yield this amount of nitrogen? 

9. If acetyl chloride reacts with butyramide what is formed? What compounds would 
result upon hydrolysis of the new substance with NaOH solution? If dilute sulfuric 
acid were used in the hydrolysis wdiat compounds would form? 

1 0 . Is the hydrolysis of an amide with either base or acid a reversible reaction ? Is the hydroly- 

sis of an ester with either base or acid a reversible reaction? Wherein lic*s the reason for 
the different actions reported in your answers to these questions? 

11 . On what basis could you have predicted that amides would hydrolyze rather easily? 

12 . What physical and chemical traits help to identify an amide? 

13. Write the graphic formula for Neodorm. 

14. Write a correct chemical name for Bromural. 

(R)15. In carrying out the following syntheses all necessary organic compounds are to be 
made from the compound indicated. 

(a) Synthesis of CH 3 C'ONH 2 from CH 3 OH; 

(b) Synthesis of CsHaNHa from HCOOCHs. 

IfJ. A solid organic compound was analyzed with the following results: a sample weighing 
0.125 g. gave 0.2260 g. of (X )2 and 0.1079 g. of H 2 O. The compound contains 21.92% 
oxygen; the balance is nitrogen. When treated with nitrous acid the compound 
reacted vigorously rtJeasing a colorless gas. The resulting solution was found to con- 
tain an acid with a neutralization equivalent of 74. Wliat was the original compound? 
Write equations showing how the original compound could be changed to propylamine. 
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CHAPTER XII 


SUBSTITUTED ACIDS 

The substituted acids are compounds derived from the acids through 
replacement of alkyl hydrogen by various functions. The number of such 
substitutions possible is quite large, but in general we find our interest 
narrowed to three groups: I he halogen acids, the hydroxy acids, and the 
amino acids. The last two named have important representatives in nature, 
while the first, the halogen acids, owe their importance to their usefulness in 
synthetic work. 

This chapter will, therefore, treat of these three groups, beginning 
with the halogen acids, because they are easily made from the fatty acids 
themselves. 


Halogen-substituted Fatty Acids 

, Our discussion will concern chiefly the chloro and bromo acids, although 
the iodo acids may also be made. All of the compounds in this group are 
laboratory products; before taking up the methods of their preparation, it 
is necessary to distinguish between the several different types of halogen 
acid. These are grouped according to the position which the substituted 
halogen holds with relation to the carboxyl group of the acid. The carbon 
atoms of the acid are named by letters of the Greek alphabet, beginning 
with the carbon atom riext the carboxyl group: 

Hs 

CHs— C— C— C— C— GH 

8 y ^ a 

5 4 3 2 1 

Thus we have alpha-, beta-, gamma-, etc., halogen acids. The end carbon 
of a chain is often termed omega (w). An omega halogen acid would have 
halogen atom on the end carbon, regardless of the length of the chain. The 
use of numbers for the carbon atoms is also practiced. Examples of both 
systems of nomenclature will be shown. 

Preparation of Halogen-substituted Acids* 

(1) The a-acids (in some cases /3-acids) may be prepared by the action 
of a free halogen upon an acid. The reaction ordinarily gives a mixture in 

* Halogen derivatives of formic acid are not known, although esters of chloroformic acid 

stable compounds (page 260). The series properly begins with acetic acid. 
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which the alpha acid predominates, but can in certain instances be modified 
in the presence of catalysts so as to give predominantly the beta acids. 

(^alalyst, 

CH 3 — CH 2 — COOH + Bro . HBr + CTI 3 — CHBr—COOH 

O'- Bromoprop ionic acid, 

2- Bro in opropa noic acid 

lodo acids are made from chloro acids by treatment with a solution of 
sodium iodide in acetone. 

CICH 2 - COOH + Nal NaCl + ICHo—COOH 

The action of halogen on a fatty acid takes place wit h greater ease with the 
higher acids than with those liaving short carbon chains. However, in 
general it is preferable to use the acid chloride (or anhydride) instead of the 
acid, as in this case the reaction may be carried out at a lower temperature 
and with much greater speed. 

In making bromoacetic acid, red phosphorus, bromine, and acetic acid 
are allowed to react. The phosphorus bromide whicli forms on contact of 
phosphorus and bromine converts the acid to the acid bromide (page 187) 
which is then attacked by cxccnss bromine: 

/’ 

CHa— (J- Ur + Br., HBr + BrCHaC—Br 

Hydrolysis of the broniiimtcd acid bromide yields the desired product : 

BrCHtt;— Bt + H^) — HBr + BrCII.C— OH 

This is known as the Hell-Volhard-Zelinsky reaction. 

(2) The halogen acids may usually be made from the corresponding 
hydroxy acids when these are available. The methods emj)loyed are those 
used to convert alcohols to alkyl halides (see Chapter IV). 

(a) Formation from a hydroxy acid and phosphorus halide; 


CH 3 — C— C— OH + 21*C:1b 
H 


Cl 

21 ’()<::i 3 + 2HC1 + (Tlr-C—C— Cl 

H 


Cl Cl 

CHb - cv- ('- Cl + HbO ->H(d + CH 3 -C -(>-011 
H H 


(b) Preparation by action of a halogen acid uj)oii a hydroxy acid: 
OH Br 


CH,-C— COOH + HBr H,0 + CH,— C— COOH 
H H 
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( 3 ) In addition to the methods shown it is of course feasible to prepare 
halogen acids from the corresponding alcohol or aldehyde by oxidation: 

Oxid Oxid 

CICH2CH2OII > (lC:il2CHO > CICH2COOH 


Trichloroacetic acid is easily prepared in this way from chloral: 

H Oxid 

CI3C— c==o — ^ 0I3C— c- on 


The jS and 7 acids are made by llie addition of hydrogen halide to an 
un^turated organic acid. The halogen atom enters the molecule as far as 
possible from the carbf)xyl group. This is what we would expect if there is a 
drift of electrons toward the carboxyl group as was proposed in Chapter 
VIII. 

II m 

CII2 =C— COOH + IIBr -» CIIaBr— C—COOH 


II H 

CH.,—c- r cii, -coon + iiik 


/3-Bromopropionic acid 


CHs—CTIBr—CIIj— CIT2— coon 

7 -Bromovaleric acid, 
4-BronK)pentanoic acid 


Ipdo acids arc made by the use of hydrogen iodide in this reaction. A neat 
synthesis of j 3 -broniopropionic acid involves simultaneous action upon 
hydroxyl and nitrile groups: 

IIOCII2CTI2CN + mur + H2O NH4Br + BrCIl2CIl2C02H 


Reactions of Halogen Acids 

These compounds present themselves both as acids and as alkyl halides. 
As acids they form all of the normal derivatives, salts, esters, etc., with which 
we are already familiar, and which will need no further discussion. The 
reactions which follow are common to the alkyl halides as may be seen by a 
comparison of these equations with those on page 82 . 

(1) Reaction with sodium cyanide; formation of a cyano acid: 

CICH2— COONa + NaCN NaCl + CNCH2— COONa 

Cyanoacetic acid (salt) 

The cyano acid by hydrolysis yields a dicarboxylic acid; this reaction thus 
gives a method of passing from mono- to dicarboxylic acids. (See page 251 .) 

(2) Formation of an unsaturated acid by action of alcoholic potash on a 
halogen acid: 

H KOHin H H 

CHy-C— CHa— C— OH > KO + H^O + CH,— C=C— C— OH» 

Cl alcohol Crotonic acid 

* The treatment of a carboxylic acid with a base results in the immediate neutralization of 
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The /3-halogen acids are especially reactive in this respect, only requiring in 
some cases to be boiled with water to cause loss of halogen acid. 

( 3 ) Hydrolysis, ammonolysu. See pages 238, 244. 

Effect of Halogenation on Reactivity, (a) Exchange of Cl for OH. The 
effect of halogenation on the strength of acids has already been noted 
(page 171). The presence of carboxyl is also found to render the halogen 
more ‘‘sensitive,’’ that is, alkyl halide type reactions which normally proceed 
only at high temperatures or slowly, take place readily with the halogenated 
acids. Thus, in the action of water on a-halogen acids the exchange of 
halogen for OH takes place much more readily than in the change from 
alkyl halide to alcohol: 

CICH 2 COOII + H 2 O HCl + HOCH 2 COOH 

Beta halogen acids also readily exchange halogen atoms for hydroxyl when 
warmed with water. The main reaction product however, is an unsaturated 
acid (see above equation). The use of sodium carbonate may cause the loss 
of carbon dioxide from the acid, yielding an vnsaturaicd hydrocarbon: 

H NaaCOs H II 

CHr-CHBr— CCCHs) -C— OH ^ CO* + HBr + CH 3 C--C CII 8 

HjO 

We have seen that salts of saturated acids lose carbon dioxide when fused 
with alkali (page 28). Certain beta halogen acids, however, undergo this 
type of reaction at a much lower temperature, and in presence of water. 
The reaction occurs with some a, /^-halogen acids and with a-alkyl-jS-halogcn 
acids. 

Gamma and delta halogen acids yield hydroxy acids quite easily when 
heated in water solution, and these then lose a molecule of water to form 
lactones (page 241). 

(b) Loss of carbon dioxide. The presence of carboxyl evidently increases 
the activity of the halogen atom by rendering its attachment to carbon less 
secure. When several halogen atoms are found on one carbon, this reac- 
tivity appears to pass to the carbon itself; thus when trichloroacetic acid is 
heated in aqueous solution, the two carbons are separated. Chloroform is 
produced: 

1 H,0 

Cl,C-f c— OH > COs + HCCl, 

I ^ 


the carboxyl group, and the subsequent reaction then takes place with the salt of the acid. 
At the close of this second reaction the salt by treatment with a mineral acid reverts to a 
carboxy compound. Equations which take up reactions of acids with basic reagents generally 
omit mention of the salt formation since it has nothing to do with the business in hand. It is, 
however, important from two sides: first it introduces an extra step of synthesis, i.e., the 
final treatment with mineral acid; second, one uses tvdce as much base as is shown in the 
equation. 
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Examples of similar reactions in compounds having two negative groups 
close together are found in the decomposition of chloral: 

! H KOIl 

ClaC-f C =0 > HC— OK + HCCU 


of oxalic acid: 


C— OH 


IIjSOi 


C— OH A 

'^0 


CO 2 + CO + H 2 O 


of malonic acid (page 254) : 


.0 


N C— op 

X' ) 

H 2 C ^ CO 2 + CH,— C— OH 

^c— on 


of acctoacetic ester (page 211 ), etc. 

We may suppose that the drift of electrons toward the negative atoms 
at the ends of these chains is responsible for the weakening of the C — C 
bond. 

Uses of Halogen Acids 

The chief use of compounds of this series is for the synthesis of other com- 
pounds. Thus chloroacetic acid is used to make malonic acid (page 251) 
and indigo (page 694). Trichloroacetic acid has a limited use in medicine 
for the removal of warts and other small growths. 


Hydroxy Acids 

Hydroxy acids, as their name implies, have OH group substituted for 
alkyl hydrogen. These compounds show at the same time the character of 
acids and of alcohols. The position of the OH group is indicated by the 
Greek letters alpha, beta, gamma (a, 7 ) etc., counting off from the carboxyl 

group, as for the halogen acids. The numbering system is also used. 

Example: 

H i8-Hydroxybutyric acid, 

CHa — C — CH 2 — C — OH 3-Hydroxybutanoic acid 

Ah 
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Many hydroxy acids are found in nature in the plants and fruits. The 
group includes compounds with one, two, or more OH groups, also mono-, 
dicarboxylic acids, etc. The monocarboxylic acids will bo discussed here. 
For dicarboxylic acids, see page 249. 


Preparation of Monocarboxylk? Hydroxy Acids 


There are two general methods of preparation for these compounds: (1) 
either the OH group may be introduced into an acid, or ( 2 ) the carboxyl 
group may be brought into an alcohol molecule. In either case the methods 
employed are those with which we are already familiar from our study of 
alcohols and acids. They will be repeated for the benefit of review. 

(1) Introduction of OH Group mto an Acid. 

(a) By treatment of a halogen acid with water or a base: 

H 2KOII H 

CHs— CH 2 — C— COOH > KCl + H 2 O + CH 3 — CH 2 — C— COOK 

“ iH 

a-Hydroxybutyrif! arid (salt) 

(b) Bv action of nitrous acid on an amino acid: 

NHs OH 

I I 

CHs— C— COOH + IINO 2 N 2 + II 2 O + €H;^C— CX)OH 
H H 

Alanine Lactic acid, a-Hydroxypro- 

pionic acid 

This reaction should be compared with that on page 228 showing the action 
of nitrous acid on amides. Also see amines, page 311, and page 715. 

(2) Introduction of Carboxyl Group into an Alcohol. 

(a) By the partial oxidation of a polyalcohol: 


CHjOH 

CH 2 OH 


Oxid I 
>, 


CH 2 OH 

C— OH 

Glycol 

Glycolic acid 

CH 2 OH 

CH 2 OH 

1 

Oxid 1 

1 

CHOH 

► ( 

]HOH 

1 



CHjOH 

c 

OH 

Glycerol 

Glyceric acid 


(b) By the hydrolysis of a cyanohydrin: 

OH 

H I 

CHj— C=0 + HCN -♦ CHs— C— CN 

H 


Acetaldehyde cyanohydrin 
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CHa 


OH 

-C- 

H 


HCl 


-CN + 2 H 2 O > NII 4 OI + CHa 


OH 

I 

-C— 

H 


C— OH 


Lactic acid 


A special method for the production of a hydroxy acid involves the careful 
reduction of a kcto acid : 


^0^0 

CHa C -C-OH 

211 

Pyruvic acid 




OH 

I 

OH,— C— C— OH 
H 

Lactic acid 


Glycolic acid is made by react ion of formaldehyde, carbon monoxide, and 
water, under pressure, at 160-170°: 

1 I 2 S 04 in 

H 2 C 0 + CO + II 2 O . HOCn 2 COOH Glycolic acid 

CHsCXlOH 


Reactions of Monocarboxylic Hydroxy Acids 

All of the nornnal reactions of acids and alcohols belong to the hydroxy 
acids. The products of oxidation vary according to whether the OH group 
is located on primary, secondary, or tertiary carbon, as with the alcohols. 


Examples : 


CH 2 — Oil 
C--OH 




Primary hydroxyl. 
H 

C --0 


Oxid 


C - OH 


Glyoxylic acid 
(aldehyde-acid) 


Glycolic acid 


CHs 

HC— OH 
(X)OH 

Lactic acid 


Secondary hydroxyl. 

Clh 


Mild 


Oxidation 


c=o 

COOH 


Pyruvic acid* 
(ketone-acid) 


* Pyruvic acid easily loses carbon dioxide to give acetaldehyde: 

A 

ClhCOCihll —7^ GO2 -h CHaCHO 
Acid 


Thus this sequence gives us a method of passing from lactic acid to the next lower aldehyde. 
The change is brought about with lactic acid also, either by use of a strong oxidizing agent 
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Salts, esters, etc., are formed from the carboxyl group. Metallic sodium 
replaces hydrogen from both hydroxyl groups. Esters and ethers are pro- 
duced from interaction of hydroxyl group in precisely the same fashion as 
with an alcohol. 

Example of ester formation by hydroxyl group: 


, 

CHa— C— k'l + IlO- 


-CH 2 


-C— OH 


HCl + CIIr-C-0— CHs— (’-OH 

AcelylglycoUc acid 
(ester-acid) 


Water-removing Reactions. Carboxylic acids normally react with 
alcohols to form esters; when both carboxyl and hydroxyl groups are con- 
tained within the same molecule ^ several new possibilities arise and new types 
of compounds are formed. 

(a) Alpha hydroxy acids form ring compounds called lactides by inter- 
action of two molecules, the carboxyl group of one forming an ester with the 
hydroxyl of the other and vice versa. 




o 


CH2~0H ho — c 


o 




c — oh 


"Hi— OCH 2 


aHjO + 


CHif—O— C 




o 


-O — CHi 




o 


Glycolide or Glycolic 
lactide 


The compound formed is a cyclic ester. Like an ordinary ester with an 
open carbon chain, this substance may readily be hydrolyzed and glycolic 
acid reformed. 

(b) /3-hydroxy acids on being heated lose water to give a, jS-unsaturated 
acids. 


or of fconcentrated sulfuric acid. Other alpha hydroxy acids behave similarly, giving alde- 
hydes or (if the chain branches at the carbon holding hydroxyl group), ketones. 

The reactions may be used in determining the structure of an unknown acid. The 
sequence of reactions would be: 

(a) Bromination to produce an a-bromo acid, 

(b) Transformation to the a-hydroxy acid, 

(c) Oxidation to produce an aldehyde with loss of one carbon atom, 

(d) Oxidation of this aldehyde to its acid, 

(e) Bromination, etc. 

This process is repeated until the aldehyde or ketone which results is a known compound. 
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Example: 


//^ 

HOCH 2 — CHa- O-OH 

/3-Ilydroxypropionic acid 


H 

H 2 O + CH2=C— C— OH 

Acrylic acid 


(c) The carboxyl group of a hydroxy acid will form an ester with the OH 
group 0 / the same molecule if the two groups are separated by at least two 
carbon atoms (Baeyer strain theory, page 610). Such internal esters are 
called lactones. 

Example : 


IIO-CHa— (lla-CTT. 

y a 



-( on 11,0 + CH2 



7 “ButyroIact one 


Discussion, This type of reaction readily occurs when the ring formed 
lias five or six atoms. If the ring to be formed has seven or more atoms, the 
reaction usually is between separate molecules. If w(‘ represent a hydroxy 
acid as xRy, x and y standing for IIO and (X)OH, then in cases in which 
a five- or six-atom ring can form, we secure: 

II20 + 'r z 

I J 


but for rings of seven or more atoms a polymerization o(‘Curs, giving molecu- 
lar chains of various lengths, whose average molecular w eif: 1 t is uMially high : 

xRy + xRy + Etc. nH20 + xRzRzR • * • Ry 


By low pressure distillation of such a mixture of polymers it is possible to 

secure R Z type compounds with large rings. 

! 

The thoughtful student will have seen that there are other possibilities 
besides those mentioned for loss of water between molecules of a hydroxy 
acid. Glycolic acid, for instance, may form an ether-acid: 

0(CH2C02H)2 Diglycolic acid 


an ether anhydride: 


CH 2 — C=0 



\ 

o 


\ 

CH 2 


/ 

c=o 


Diglycolic anhydride 
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and a simple ester: 



HO— CH 2 — C— O— CH 2 — CO 2 H ‘‘ Glycolic anhydride ” 

Summary of Reactions. Alpha Hydroxy Acids. Form lactides easily. 
On gentle oxidation give keto acids. On strong oxidation or treatment with 
sulfuric acid, give lower aldehydes or ketones. 

Beta Acids. Lose water readily to give a, jS-unsaturated acids. 

Gamma and Delta Acids. Easily yield lactones. 

Monocarboxtltc Hydroxy Acids 

Hydroxyformic acid, HO — CO 2 H (carbonic acid) is not capable of 
isolation. It probably exists in water solution, however. Its derivatives 
are described in the chapter on dicarboxylic acids (page 260). 

Hydroxyacetic acid, Glycolic acid, HOCH 2 CO 2 H, is found in unripe 
grapes. Its oxidation yields oxalic acid, as is indicated in the scheme on 
page 110. 

OH ^ 

Of-Hydroxypropionic acid. Lactic acid, CH3 — C — C — OH. The syn- 

H 

thesis of this compound is shown on page 238. Lactic acid is produced in 
nature by the action of certain species of bacteria on milk sugar, also by the 
“souring” of other food products, such as sauerkraut. The commercial 
method of preparation is the fermentation of corn sugar, molasses, or lactose. 
It is normally present in the stomach and in the muscular tissue. The 
molecule of lactic acid contains an asymmetric carbon atom; therefore 
there are several different forms of this compound, as we shall find when 
studying the subject of optical activity. Lactic acid is used in the leather 
industry, in foods, beverages, and candies; as a plasticizer in synthetic resins. 

iS-Hydroxypropionic acid, HOCH 2 CH 2 CO 2 H, is also known but has 
not the importance of lactic acid. 

Glyceric acid, H0CH2CH(0n)C02H, whose formation from glycerol 
has been shown, is an example of a dihydroxy monocarboxylic acid. Other 
polyhydroxy alcohols will, like glycerol, yield monocarboxylic hydroxy acids 
on careful oxidation. Substances such as the following result: 

HOCH 2 — (CH0H)2— CO 2 H, Erythronic acid 

HOCII 2 — (CH0H)4— CO 2 H, Gluconic acid 

Amino Acids 

These compounds are acids in which hydrogen of the alkyl group has been 
substituted by the amino group (NH 2 ). They are not to be confused with 
amides in which NH 2 is substituted in the carboxyl group (page 226). The 
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Adolph vom Baeyer (Johann Friedrich 
Wilhelm). (1835-1917, (ierrnan.) Out- 
standing worker in theory and synthesis. 
Best known for hi.s work with indigo. 
The structure was proved and many 
different methods of synthesis were per- 
fected. Baeyer’s strain theory is well 
known to students, lie received the 
Nobel prize in 1905. See J. Ckern, Soc. 
(London). 123, 1520 (1923), J. Chem. 
Education, 6, 1381 (1929), ibid., 7, 1231 
(1930); also this book, pages 280, 610. 




Rudolph Fittig. (1835-1910, German.) 
Professor of chemistry at Strassburg. 
Noted for synthetic work in the aromatic 
.series. See J. Chem. Soc. (London), 99, 
1651 (1911); also this book, pages 405, 
585. 


BetiehteU, 1889 ( 1911 ). 
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a-amino acids are natural products, in that they result from the hydrolysis 
of the proteins. (See page 715.) 

Preparation op Amino Acids 
( 1 ) Formation from a halogen acid and ammonia: 

H H 

CHr-C— C— on + 2NH3 NH4Br + CII3— C—C- OH 

Br NH 2 

Alanine 


( 2 ) Preparation from the action of ammonium cyanide (NH4CI + KCN) 
upon an aldehyde; the Strecker reaction. 

H 

H I 

CH 3 C =0 + NH4CN CHr-C— CN + HjO (in two steps) 


/ 


O 


NHs 

H H 

CII3— C— CN + 2 H 3 O -> NII3 + CHs- C— C— OH 

I I 

NH2 NH2 


This reaction i)roduces oi-amino acids only. Further material on prc'para- 
tion of amino acids is given in Chapter XXXVII. 


Reactions of Amino Acids 

The amino acids share all of the gcmcral reactions of acids and primary 
amines. Esters, salts, and other acid derivatives are formed by action of 
the carboxyl group. The amino group may be replaced by OH in the usual 
manner by treatment with nitrous acid (page 238); acyl halides react with 
amino acids as with ammonia, forming in this instance substituted amides 
which also are acids. 

CH,~C— Cl + H2N— CH2— C— OH HCl + 

^°H 

CHs— C N— CHs— C— OH 

The basic character of the NH 2 group comes into play when the acidic 
nature of carboxyl has been masked, as in the esters; moreover the amino 
acids themselves form salts like the following with strong mineral acids. 

H, 

+N— CH2— C 
h'^ ^C1“ ^oh 

Glycine hydrochloride 

They also form internal salts as shown in the following discussion. 
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Certain reactions of the amino acids bear a strong resemblance to those 
of the hydroxy acids. Thus, an a-amino acid on being heated, forms a ring 
compound, similar to a lactide, by loss of two molecules of water (see 
page 725). 


H H 

H 2 C— N|H~m)l— C=0 H 2 C— N— C=0 

I _ _+ I ->2H20+ I 1 

0=C |dH illNCHa 0=-C— N— CH 2 

H H 

Glycine anhydride 


Likewise, /3-acids, on being heated, lose ammonia to form unsaturated acids: 

Heat H 

II 2 N— CH 2 -(TT 2 — C-OII- -♦NH., + CHo--C-(V-OH 


Gamma acids lose water to form internal amides called lactams, 
Examjde : 


ILN (H,>— CHo-CJI 


C-CH 


7-AmiiiobuLyric acid 


H2O + ITjC-CH,— CHa 

I I 

HN C-=0 

7-Butyrolartam 


Here again the type of reaction is similar to that of a hydroxy acid. 

Internal Salt Formation, Zwitterions. Amino acids, such as glycine, 
give practically neutral water solutions. This is probably not due to a 
failure of the molecule to ionize. It is more likely that the nitrogen has 
taken a proton (see discussion, page 715) and the carboxyl has lost one, both 
of these actions being typical for these groups. The resulting ion is a hybrid 
neutral ion called a dipolar ion or zwittcTion :* 

+H2N—CH2-(>-0 

I I 

H O - 


Remembering that the four-atom chain — C — C — O is actually bent, due 
to the valence angles between the N, C, C, and O, we see that the terminal 
N and O are actually (piite near each other, and it would be possible for the 
ion to pass to an inner salt by attraction between O and N : 

+H 3 N — CH 2 0-0 ^ H 3 N — CII 2 Internal ammonium type salt 

o - ^c=o 

Such a salt would, of course, not affect the pl\ of water. A water solution 
of amino acid may then be supposed to contain neutral ions as shown above, 
in equilibrium with a small number of neutral “inner salt’" molecules. In 

* Further evidence to support this conclusion is given in the chapter on proteins. 
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the solid state the zwitterions are held together by the electrostatic attrac- 
tion between the opposite charges of neighboring units; the situation is 
similar to that in an inorganic salt (page 14). Two arrangements are 
exhibited by glycine, one in which the molecules are in pairs ( 1 ), another 
in which they form chains of indeterminate length (3). 


CH, 

+/ \ — 

HsN ((>2 

^f'n/ 

( 1 ) 


+ _ + 

H,,N CO 2 H,N CO 2 ,etc. 

\ / \ / 

c:ii2 CH. 


(«) 


Betaine. The compound choline (page .314) gives by oxidation a 
methylated glycine known as betaine (found in beetroot, cottonseed, 
wheatgerm). 

O 


IIOCHsCIIa—N— (CIl3)3 
Oil 


Oxid 


no— C— € 112 - N— (CII 3 )., 
(1) I 

on 


Betaine 


-^1120 + 


c- 0 

1 \ 

€112— N(cn,), 

(II) 


The compound crystallizes as the hydroxide shown at (I), but easily loses 
water when heated to 100 ° to give a salt-like derivative with a high melting 
point (393°) possibly with the structure shown at (II). A molecule like (II) 
would split in water to give a neutral ion: 


0=C -CH 2 — N (( H.O 3 

I + 


o - 


such as we have pictured above for a simple amino acid. 

Betaine is prepared synthetically from trimethylamine and chloroacetic 
acid; its commercial source is sugar beet molasses. 


Amino Acids 




.0 


Aminoformic acid, carbamic acid, H 2 N — C — OH, is known only in its 
salts and esters, the latter being the urethans (page 361). Here again, we 
have a series in which the first member cannot be isolated. 

/> 

Glycine, glycocoll, or aminoacetic acid, H 2 N — CH 2 — C — OH. 
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Alanine, a-aminopropionic acid, 2-aminopropanoic acid, 

Nil, 

I 

CH3— C— C— OH 
H 

Further information about amino acids will be found in the chapter on 
proteins. 


REVIEW QUESTIONS 

1. Write equations for two methods of preparation for: (a) a-Chlorobutyric acid; (b) a, /if’* 

Dichloropropionic acid. 

2 . Show by equations how «-chlorobutyric acid may be formed from a-hydroxybutyric acid. 

5. Write equations for the preparation of /f-^-chloropropionic acid; for 7-bromobutyric acid. 
(II) 4 . Outline the method by which malonic acid is made from acetic acid. 

, 5 . Write equation for the formation of butylene from a-methyl-/ 3 -bromobutyric acid. 

6. WVite equations for three methods of preparing hydroxyacetic acid. 

7 . Show by equations how propionaldehyde may be used to make a-hydroxy butyric acid. 

8. Write equations for the reaction of a-hydroxy butyric acid with: (a) Pt’U; (b) Acetyl 

chloride; (c) NaOH solution; (d) Sodium. 

!). Show by equations the types of reaction which distinguish alphas befa^ and (jamina hydroxy 
acids. 

10. Write equations for two methods of preparing alpha-nimnohxiiync acid. 

11. Show the reaction of the above compound with: (a) HNO2; (b) Acetyl chloride. 

1^. Write equations to show the reactions which distinguish alphas heta^ and ganrma amino 
acids. 

18 . Give the tests by which the following could be distinguished from each other: 


14 . 


(a) CIljHr— ( — on and (’Hj— ( — Br; (b) NH,— ( H,— C— OH and (Ul,— O— NH,. 
Given GH3- (‘Ha " ( GlI how could the following compounds be made from it: 


H II 

(a) ( Tb -(TIBr— (’ OH? (b) (TbOIl— ( -C— OH? (c) (Tl2- (: -OH? 

011 

(d) C’HJ— on,— C— OH? 

15 . Which is the stronger acid, lactic acid or /S-hydroxypropionic acid? Why? 

16 . What analytical tests distinguish between an acid chloride and a chloro acid? Describe 

how the tests are made and write equations for the chemistry involved. 

17 . Which type of substituted acid responds to a test with nitrous acid? How is the test 

made? What indicates a positive te.st? 

18 . How many moles of normal sodium hydroxide .solution would be required to neutralize 

one mole of lactic acid ? 

19 . Would metallic sodium react with .sodium lactate? In what way? 

20. Construct a chart to show medical uses of compounds di.scus.scd in this chapter. 

21. Indicate by series of complete equations how the following conversions may be brought 

about. 

(a) j8-Hydroxypropionic acid from glycerol; 

(b) Trichloroacetic acid from methanol; 

(c) Lactic acid from ethanol. 

22. Give facts which justify the structure assigned to lactic acid. 
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23. A 0.25 g. sample of a certain amino acid gave 62.9 cc. of nitrogen gas (N.T.P.) when 
treated with nitrous acid. What is its molecular weight? On what carbon atom is the 
amino group situated? If the data given do not supply an answer to this question, 
what work should be done with the compound to furnish the answer? 
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CHAPTER XIII 


DICARBOXYLIC ACIDS 

As the name implies, the polycarboxylic acids contain several atoms of 
hydrogen replaceable by metals; that is to say they liave several carboxyl 
groups. The most important of these acids arc those with normal chains 
of carbon atoms and with two carboxyl groups. These acids are colorless 
solids which crystallize well. A peculiarity which appears on inspection 
of the accompanying table is that acids which contain an even number of 
carbon atoms have melting points higher than those of the next following 
acids which have odd numbers of carbon atoms. Also the solubility in 
W'ater is greater for the acids with odd numbers of carbon atoms. These 
facts are not as yet explained, but it is likely that both properties are condi- 
tioned by the interatomic forces in the crystals, and that these forces are 
greater in the acids with an even number of carbon atoms. The table on 
page 163 shows a similar peculiarity in the melting points of the mono- 
carboxylic saturated acids. 


Table 22. — Dicarboxylio Acids 




M.p., 

B.p., 

Sp. g.. 

Hi. of 

Parti) sol. in 100 



°C. 

°C. 

1574" 

comb. 

parts H 2 O 


(C02H)3 

186-7 dec. 



60.15 

10.22® 


101.5 (^HjO) 


1.6.531* 



Malonic acid, Propanedioic acid . . . 

CIl2(C02H)2 

l.SO-5 


1.631 

207.2 

1S8»« 



dec. 





Succinic acid, Butancdioic acid. . . . 

((:H2)2(C02H)2 

180-00 

ea.'i 

1.562 

357.1 

6.82® 

Glutaric acid, Pentanedioic acid , . . 

((’H2)3{C02H)2 

07.5 

«00*® 

1.429J'i 

514.8 

6 , 3 . 92 ® 

Adipic acid, Hexanedioic acid 

( CH 2 ) 4 ( C 02 H )2 

151-3 



668.8 

1,4415 

Pimelic acid, Heptanedioic acid. . . , 

(CH2)5(C02H)2 

10.3-5 

27^100 

1..320 


2.514 

Suberic acid, Octanedioic acid 

(CH2)6(C02H)2 

140-4 

27 j>ioo 


985.2 

0.142“-6 

Azelaic acid, Nonaiiedioic acid 

(CH2)7((X)2H)2 

106.5 

286. Slow 

1.029*“ 

1141.4 

0.220 

Sebacic acid, Uccanedioic acid 

(CH2j8((:02H)t 

1.34.5 

204. SJ"® 


1297.^3 

0.112 


Occurrence, Uses. Like the monocarboxylic acids the dicarboxylic* arc 
well distributed in nature. Oxalic acid, which has been known for about 
300 years, is found in rhubarb, sorrel, and certain other plants, usually as 
the calcium or the acid potassium salt. Malonic acid is found in beet root 
in the form of the calcium salt. Succinic acid may be obtained from amber 
by distillation. The dicarboxylic acids are valuable from the synthetic 
standpoint; in addition there are many special uses for individual members. 

* The name dicarboxylic is more exact than dibasic, but the latter is widely used in the 
literature, presumably because it is more familiar. 

249 



250 


TEXTBOOK OF ORGANIC CHEMISTRY 


Oxalic acid is used in dyeing, and as a standard in analytical chemistry. 
It is widely used in laundries to remove iron stains. It finds further use in 
making inks, polishes, as a dye mordant, as an acid for cleaning metal. Its 
use in the laboratory synthesis of formic acid is given on page 175. Oxalic 
acid is also used with glycerol in the laboratory to yield allyl alcohol. The 
steps are shown below : 

II 2 — C— OH 

Glycerol + Oxalic acid — > H — C — OH 

(anhydrous) 1 / ^ 

H 2 — C — O — C — > H 2 O -f- 

Glycerol monoxalate 

Ha— C— OH HaCOH 

I ^ I 

H— C— O— C==0 -♦ 2COa + HC 

I I II 

Ha— C— O— C-=0 HaC 

Double ADyl 

ester alcohol 

Malonic acid in the form of its derivatives is a building block for several 
important therapeutic agents (see Veronal, page 274). Succinic acid is used 
in medicine, also technically in the perfume and dye industries. Adipic 
acid is used in making synthetic resins and in baking powders in place of 
tartaric acid; in the synthesis of nylon (page 505). 


Preparation of Dicarboxylic Acids 


Dicarboxylic acids are prepared by several methods similar to those used 
in forming the monocarboxylic acids. These are: 

(1) The oxidation of the corresponding alcohol. Oxalic acid is formed 
when ethylene glycol is oxidized: 


HaC— OH C— OH 

I Oxid j 

H2C— OH ^ C— OH 


Oxalic acid 


(2) The hydrolysis of a nitrile. Cyanogen, when hydrolyzed, yields 
oxalic acid just as methyl cyanide, for instance, hydrolyzes to produce acetic 
acid: 

MeCN + 2H2O NH3 + CHsCOOH 
(CN)2 + 4H2O 2NH3 + (C00H)2 

This synthesis was performed by Wohler in 1824; the oxalic acid was 
formed, together with urea, as a result of the action of cyanogen upon ammo- 
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nia water. At that time oxalic acid was considered to be an inorganic 
compound; hence Wohler placed no great importance on its production, 
but, like other chemists of the time, laid emphasis only on the synthesis 
of the urea. The fact is, however, that in one and the same reaction 
Wohler formed both a vegetable and an animal compound from an inorganic 
compound, disproving absolutely the necessity for “vital force.” The 
following method of synthesis is more generally applicable. 

(3) The reaction of a dihalogen compound with potassium cyanide pro- 
duces a dicyanidc; this on hydrolysis gives a dicarboxylic acid: 

BrCHaCHgBr + 2KCN 2KBr + NCCII 2 CH 2 CN 

A 

NCCH 2 CH 2 CN + 4 H 2 O > 2 NH 3 + HOC— CH 2 — CH 2 OH 

Acid or Succinic acid 

base 

The above reaction may also be utilized to form malonic acid from acetic 
acid : 

CICH 2 — C— ONa + NaCN-^NaCl + NC- CHj— C— ONa 

^o ^o 

NC— CH 2 — C— ONa + HCl ^ NaCl + NC -Clio— C— OH 

HCI 

NC— CH2— C— OH + 2II2O » NH4CI + HO— C— CHa- C— OH 

In practice the diethyl ester is made rather than the free acid. This is 
accomplished by heating the salt of malonic acid with alcohol and sulfuric 
acid, or by subjecting sodium cyanoacetate to treatment with alcohol and 
a mineral acid. 

(4) Oxalic acid may be made by the action of carbon dioxide upon metal- 
lic sodium, a method which recalls the formation of formic acid from carbon 
monoxide and sodium hydroxide (page 174). 

350 ® HCl 

2 CO 2 + 2Na > (C02Na)2 2NaCl + (C02H)2 

(5) We have seen that oxalic acid may be made from formic acid through 
heating of its alkali salts (page 176). This is an important technical 
method of preparing oxalic acid. Oxalic acid is not readily oxidized by 
nitric acid; it is therefore obtained as a final product of reaction when 
sugars, starches, or cellulose are oxidized with this reagent. These mole- 
cules contain —CHOU— CHOU— groups which are split from them in the 
serious decomposition induced by nitric acid, an<l oxidized to oxalic acid. 

(6) Oxalic acid has been made commercially by treatment of saw^dust or 
shavings with sodium- and potassium hydroxide solution at an elevated 
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temperature. Addition of lime precipitates calcium oxalate, from which 
crude oxalic acid is secured, to be purified by recrystallization. Oxalic acid 
crystallizes with two molecules of water which are probably held as shown 
here: 

HO OH 

\ / 

HO--C— C OH 

/ \ 

HO OH 


This retention of several hydroxyl groups by one carbon recalls the behavior 
of chloral. We find it in compounds with strongly negative groujjs. '^ilie 
acid may be dehydrated by heating to a temperature of about 100®. 

Succinic acid is made commercially by electrolytic reduction of maleic or 
fumaric acid. 

Adipic acid, a necessary intermediate for the production of Nylon, is 
made by the oxidation of cyclohexanol (page 499). 


112 

C H 

/ \ / 

HsC C Oxid 


H 


1 


Ha 

c 

/ \ 

HaC COOH 


\ ^ HaO + 

OH 4 ( 0 ) HaC COOH 


Adipic acid 


\ / 

C 

Ha 


CHa 


\ / 
c 

Ha 


Nomenclature 


The common names of dicarboxylic acids are adapted from names of 
botanical and other natural sources. 


Name 

Oxalic 

Malonic 

Succinic 

Glutaric 

Adipic 

Pimelic 

Suberic 


Source 

Sorrel (Oxulis) 

From malic acid 
From amber (Succinum) 
From gluten 
From fat (Adeps) 

From fat (Greek, Pimele) 
From cork (Suber) 


The official names of the acids (except oxalic) are taken from the name of the 
hydrocarbon of like carbon content, with the suffix ‘‘dioic acid”: ' 

HOOC — CHa — CHa — COOH Butanedioic acid 


or else are formed by considering the carboxyl groups as having been sub- 
stituted for hydrogen of a saturated hydrocarbon: 


HOOC — CHg — CH j — COOH 


l,2-£tbanedicarboxylic acid 
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Reactions of Dicarboxylic Acids 

All of the normal reactions of the fatty acids belong to the dicarboxylic 
acids. In addition, a dicarboxylic acid can use one or both of its carboxyl 
groups, thus forming two classes of derivatives in a given case where only 
one would be possible for a monocarboxylic acid. 

Examples : 


0 ) Ester foririation: 




/> 

C— OCjH 

C— OH 

1 + CallsOIl -> 

1 + CJ-I5OH -> 1 

C--OH 

C--OII 

C— OC2H 

"^0 


N) 

Oxalic monoetliyl ester. 

Diethyl 


an ester-acid 

oxalate 

(2) A mide formation : 

/> 

(' -NH^ 


C -OOJls 

C— NHa 

1 + Nil, 

1 + NHa 

1 

C— OCjIIi, 

C- OCJIj 

C NH2 


X) 



Ethyl 

oxamalc, an 
ester-amide 

C OH 

Oxamide 

Oxamic acid. 

1 

C— NHj 
"^0 



which combines the functions of an acid and an amide, and other mixed 
derivatives are also known. In subsequent pages we shall frequently meet 
with ‘‘mixed compounds” like the above examples, which belong simul- 
taneously to different chemical series. Their reactions are always varied 
and interesting. 

Reactions of Oxalic Acid. Since oxalic acid has no alkyl chain it is not 
a typical acid of its scries. Here again, as in many other cases, the first 
member of a homologous series differs from all of the others. 

Oxalic acid is easily oxidized to carbon dioxide and water. This is readily 
accomplished with acidified potassium permanganate solution (standardiza- 
tion of potassium permanganate). It is more convenient to use potassium 
tetroxalate, KHC204'H2C204*2H20, as this is readily prepared in pure form 
and is very stable. It may be used to standardize bases as well as oxidizing 
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agents, one molecule of the salt being equivalent to three molecules of 
sodium hydroxide. 

Ferric ion is reduced to ferrous. Thus potassium ferric oxalate when 
exposed to light is reduced to ferrous form. If then treated with platinous 
chloride, the platinum ion is reduced to the metallic form. These reactions 
form the basis for the use of potassium ferric oxalate for platinum prints in 
photography. 

Physiological Action. Oxalic acid is an active poison. Strong solutions 
are caustic and corrosive like other acids, but dilute solutions are also toxic. 
This appears to be due to the insolubility of calcium oxalate. The pre- 
cipitation of calcium oxalate upsets the body chemistry by withdrawal 
of necessary calcium ions. The higher acids of the series, whose calcium 
salts are more soluble in w'ater, are far less toxic than oxalic acid. 


Effect of Heat on Dk akboxyuc Actds 


(1) When two carboxyl groups are attached to the same carbon atonic carbon 
dioxide is lost. Malonic acid, when heated, yields carbon dioxide and acetic 
acid:* 

C— OH ^ 

/ Heal /•” 

CHj » COj + CII 3 — C— OH 

^C— OH 
^O 


Oxalic acid under these conditions gives carbon dioxide and formic acid: 

Heat 

(C00H)2 ^ CO 2 + HCOOH 

Oxalic anhydride cannot be made. 

(2) When the two carboxyl groups are joined to adjacent carbon atoms, water 
is lost cooperatively between the two hydroxyl groups. This behavior 
recalls the reaction by which ethers arc formed from alcohols (page 206). 


H*C— C— OH 

Heat 

» HO + 


HjC— C— OH 

V) 


HO— c 


\ 

o 




HO— C 


N) 


Succinic acid 


Succinic anhydride 


(3) W^hen the carboxyl groups have more than three carbon atoms between 
them an intermolecular reaction occurs. As explained in Chapter XXXII 

* It will be noted that the relationship between malonic and acetic acids is like that between 
oxalic and formic acids; in both pairs of acids either may be made directly from the other. 
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rings of less than five atoms do not form easily, and the same is true of rings 
with more than six or seven atoms. Succinic and glutaric acids easily form 
anhydrides. When we attempt to make an anhydride which would have a 
ring of seven or more atoms, we find it difficult or impossible to bring the 
molecule into the compact form required in the anhydride. Instead the 
carboxyl group of one molecule reacts with that of another molecule and 
we get a condensation polymer of high molecular weight: 

xRx + xRx + xRx -> nllsO + xR— z--R— z— Rx, etc. 

It is possible that the ends of this large molecule may come together to form 
a very large ring, but this seems unlikely (see i)age 613). 

Digression. Ester Formation from Dicairboxylic Acids with Dihydroxy 
Alcohols. The esterification of a dicarboxylic acid with a dihydroxy alcohol 
presents interesting possibilities. It is evident that the esterification of 
malonic acid with ethylene glycol would produce a compound with a seven- 
atom ring, if the reaction proceeded simply. A ring of this size is not easily 
formed, therefore the molecules react with each other as indicated above 
under the discussion of anhydrides, producing a linear condensation polymer 
of high molecular weight: 

HOROCRCORO . . . etc. 

li il 

o o 

Compounds produced in this way from ethylene glycol and succinic or 
malonic acid, have molecular weights of about 2500-“3500. Many such 
compounds find commercial uses because of their resin-like character (see 
page 505). 

Effect of Heat on Amides. The normal amides of dicarboxylic acids lose 
ammonia when heated, forming ring compounds. 

Thus succinamide, 



HaC— C— NHz 

i 

HiC— C— NHs 

N) 


on being heated, liberates ammonia and yields the ring compound, suc- 
cinimide: 


HjC— C 

^NH (X) 

/ 

H*C— C 

"^O 


Succinimide 
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The hydrogen of the imide marked (X), being between two carbonyl groups, is 
loosely held (acidic in nature). Succinimide, warmed with potassium 
hydroxide in alcohol solution, gives a potassium salt: 


H 2 C— C 


/ 


o 


II 2 C— c 




OK 


NK possibly also 


H*C— C 


\ 


V) 


HsC— C 




N 


N) 


A synthetic use for such a salt is indicated in the Gabriel reaction, page 
537. The acidic hydrogen is also replaceable by “positive” chlorine to 
form N-chlorosuccinimide: 


Il2C-C=0 

\ 

NCI 

H 2 C— 

With water this compound hydrolyzes and gives hypochlorous acid. It has 
been proposed (patented) as a germicide for water. Reduction of suc- 
cinimide gives the important aromatic compound pyrrole, page 642. 

Exchanges of Hydrogen for Deuterium. A host of organic compounds 
in which hydrogen is partly or wholly substituted by deuterium has already 
been prepared. Many are made by treatment of a hydrogen compound 
with heavy water. Formic acid in this way exchanges H of the OH group 
for D, malonic acid exchanges all four hydrogens, but succinic only two 
(probably those of the carboxyl groui)s). 


Strength of Dicarboxyhc Acids 

The following table showing the ionization constants of dicarboxylic 
acids is given for the benefit of comp«,rison with the similar table for the 
monocarboxylic acids, to be found on page 170. In each case it is found 
that the first member of the series is by far the strongest, the percentage of 
ionization then decreasing very gradually after the third of the series. 
Oxalic acid is a much stronger acid than any one of the monocarboxylic acids. 

It is evident that the enhanced acidity of oxalic acid is due to the 
influence of one carboxyl group upon the other. This effect naturally 
diminishes when the two groups are more widely separated, as in malonic 
acid and other members of the series. We are familiar with the fact that 
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dicarboxylic acids ionize in stages. The ionization of one hydrogen from 
a dicarboxylic acid leaves a negative ion, which exerts an attractive force 
upon the remaining hydrogen. Hence the secondary ionization constant is 
never as great as the first. In the case of oxalic acid the second hydrogen 
is much more strongly held than with malonic acid, etc. (see table). No 
doubt this is due to the relatively small size of the oxalate ion. 


Table — Ionization Constants of Dk arboxyltc’ Acids 


Name 

T = 25° 

K X 100 

Ratio of first to second 
dissociation constant 

Oxalic 


! 3.8 

1100 

Malonic 

(’H2((’0.>T1)2 

0.160 

i 800 

Succinic 


0 . 0066 

25 

(fiutaric 

((ih)3(co,Uhj: 

0 . 0047,5 

16 

Adipic j 

((’H2)4(('0,Il)2j 

0 . 0037 

13 

Pinielic 

1 

0.00323 

13 


By the use of the table on page 172 an interesting comparison may be 
made between the “negativity" of the Cl atom and the carboxyl group when 
substituted for hydrogen of acetic acid. They arc seen to have about the 
same effect upon the ionization. 


jMalonic Ester Synthesis 


It has been shown (page 254) that malonic acid will yield acetic acid 
upon being heated. The reaction makes this compound very useful for 
the preparation of alkyl-substituted acetic acids, as well as for many other 
compounds. The manner of formation of these substituted acetic acids 
from diethyl malonate (malonic ester) is as follows: 

(1) The hydrogen of the CH 2 group of malonic acid derivatives (methyl- 
ene hydrogen), like that in acetoacctic ester, is replaceable by sodium: 


C— OC 2 H 6 

n + Na 

C—OCaHs 

Diethyl malonate, 

Malonic ester 



C—OCalls 


lie 


C— OC 2 H 6 


Na+ 


This replacement is possible because hydrogen on carbon next to a carbonyl 
group is not firmly fixed like that in a saturated hydrocarbon; this was 
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made apparent in our study of the aldehydes (page 149). When hydrogen 
is found on carbon hehmen two carbonyl groups^ it is so loosely held as to be 
easily replaced by metals. In other words compounds containing such 
“active’’ hydrogen behave in a measiu*e like acids. We have seen this 
same behavior in the study of acetoacetic ester (page 208) which has an 
active methylene group, also in the salt-forming properties of succinimide 
(page 256). The sodium salt of malonic ester is possibly formed from an 
enol tautomer of the ester, as is the case with acetoacetic ester: 

yONa 

C~()C2H5 

/■ 

HC 

\ 

C-OC2H5 


Attention is directed to the formulas of acetoacetic ester and malonic ester: 



■C— OC2H5 
C— ()C,H 6 


in which the similarity of structure of these two compounds is at once 
apparent. 

(2) The sodium compound obtained from malonic ester will react 
with an alkyl halide, resulting in the production of a derivative in 
which alkyl group takes the place of an original hydrogen of the methylene 
group. 


CH3I + 


C— OC2H6 

/ 

HC 

\ 

C— OC2H6 

N) 


Na+ 


/> 

C— OC2H5 

/ 

Nal + (CH,)HC 

\ 

C— OCjHb 


N) 


(S) The remaining hydrogen of the methylene group may now be 
replaced in like manner by an atom of sodium, and subsequently by another 
alkyl group, which may be the same as the first group introduced, or different 
from it: 
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(CH,)HC 


/ 


C— OC 2 IIB 


+ N.^«' + 


CjHbI + 


C— OC^Hb 
4) 


(CH,)C 


/ 

\ 


C— OCjHb 


C— OC 2 HB 


Na+ 


(CH3)C 


/ 


C— OC2IIS 


C— OC^Hb 

\) 


Na' ->Nal + 


(C 2 Hb)(CH,)C 


/ 

\ 


C— OCjHb 


C— OCsHb 

V) 


(4) The hydrolysis of this compound would yield ethylmethylmaloriic 


acid: 


(C2Hft)(CH3)C 


/ 

\ 


(’— OCjHb 


+2H2O 2C2HbOH+(C2Hb)(CH3)C 




C— OH 


C—OC’sHb 

\) 


\ 


C— OH 

\) 


and the latter <m being healed would lose carbon dioxide, to form ethyl- 
methylacetic acid: 

.0 

► H 


(C 2 Hb)(CH 3 )C 


/ 


/ , 

c— o 


\ 


C— OH 

^0 


A YL 

CO 2 + (C 2 Hb)(CH,)C— C— OH 
a-Methylbutyric acid 


Various alkyl derivatives of acetic acid may be prepared by this method. 
The yields are usually better than in the acetoacetic ester synthesis, since 
in that method ketones as well as acids are formed. Dicarboxylic acids 
may be synthesized from malonic ester by methods somewhat similar to 
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those shown here. The use of malonic ester to make barbituric acid 
hypnotics is mentioned on page 274. 

Carbonic x\cjd and Derivatives 

Carbonic acid does not proj)erly belong in the series of dicarboxylic 
acids; however it is convenient to consider this compound witli them 
because of the similarity of its derivatives to those of the dicarboxylic acids. 
The pure acid has never been isolated; like other compounds having two 
hydroxyl groups joined to one carbon it is decomposed, yielding carbon 
dioxide and water. Its derivatives, however, show^ considerable stability 
and they play an important part in the field of organic chemistry. Among 
these derivatives are: 

(1) The Acid Chloride. Carbonyl chloride, COC'hi, or phosgene, may be 
formed by the oxidation of chloroform : 

Oxid * 

HCCls > HCl + 0-=C Phosgene 

'^Cl 


or by the union of carbon monoxide and chlorine : 

Sun- 

CO + CI 2 — 

light \pj 


Phosgene is a gas having a stifling odor, and is extremely poisonous. It 
was employed as a war gas, either alone or mixed with other substances 
which were poisonous or detrimental to comfort. Like other acid halides, 
phosgene is decomposed by water: 

COCI 2 + II 2 O CO 2 + 2HC1 

(2) Esters, (a) Chlorocarbonates. In its reaction with alcohols, phos- 
gene is also a typical acyl halide. However the possession of two halogen 
atoms allows the formation of a new class of compounds, when only one 
of the halogens is brought into reaction: 


Cl- 




-C— |C1 + Hl OCaHs 


HCl + CIC— OCiHs 

Ethyl chlorocarbonate or 
Ethyl chloroform ate 


Substances formed by reaction of phosgene with one molecule of an alcohol 
are esters either of chloroformic acid or chlorocarbonic acid, and they are 
called by either name interchangeably. These compounds are both esters 
and acyl halides and are quite important in synthetic work. 

(b) Normal esters. Normal esters of carbonic acid are formed by 
interaction of phosgene with two molecules of an alcohol: 
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/0C*H6 


Cl— C— Cl + aCsIIsOH -♦ 2HC1 + o=-c 

NiCsHs 

Ethyl carbonate 

(c) Urethans. By the I'caclions of ammonia with chlorocarbonic esters 
the esters of carbamic acid (urethans) are formed: 

, NIC 

IIoN |H + (M|- ('— 0— Cjlls ^NlCin + HjN -^(’-OC^Hs 

Ethyl carbamate 
or Vrelhan 


Carbamic a(*id, II 2 NCOOH, cannot be isolated as it breaks down into 
ammonia and carbon dioxide. The urethans have considerable importance 
in synthesis. Ethylurethan is used as a hypnotic (for animals) and sedative. 
It will be noticed that the urethans combine the structure of an ester and 
an amide. 

(d) Orthocarbonates. Orthocarbonates may be made as follows: 
CI 3 CNO 2 + 4 NaOC 2 H 5 3NaCl + NaN 02 + C(OC 2 H 5)4 

Ethyl 

orthocarbonatc 


Orthocarbonates are esters of orthocarbonic acid, C(0H)4, which like 
carbonic acid is unstable, and has so far proved incapable of preparation. 

(3) Amides, The esters of carbonic acid react like carboxylic esters 
(but more slowly) with ammonia; the amide is formed in the usual way 
(page 206). 


Example: 


/ 


OC 2 H 6 H]NH 2 


o=c 


\ 


+ 


OCaiis HiNH; 


NH 2 

2C2H6OH + o=c'^ 

\ 

Nils 

Carbamide 
or Urea 


Urea may also be formed from phosgene as follows: 
/Cl 


0=c + 4NH3 2NH4CI + o==c 

'^Cl 


/ 

V 

\ 


NH, 


NH. 


On account of the great importance of urea its reactions will receive separate 
treatment in the next chapter. 
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Ethyl orthocarbonale with ammonia gives guanidine; 


NII2 

C(oc2ri5)4 + 3Nir, -> 4(’2H50 ti + c'^nh 

\ 


NHa 

Guanidine 

The chemistry of guanidine will be considered later along with the reactions 
of urea. 


Unsat URATET) Dicauboxylic Acids 

We have seen in the study of monocarboxylic acids that these compounds 
are derived from both saturated and unsaturated hydrocarbons. The 
same applies to the dicarboxylic acids, whose hydrocarbon group may 
be alkyl, alkylene, or acetyhmic in type. The unsaturated acids derived 
from ethylene have industrial importance, and they interest the chemist 
because they display geometrical isomerism, a kind of isomerism common 
to ethylene derivatives (see page 59) ; the study of these acids has helped 
to explain the nature of space isomerism. 

When malic acid (page 2(15) is submitted to dry distillation, its behavior 
is like that of other 5^^a-hydroxy acids, i.e., water is lost and an unsaturated 
dicarboxylic acid results: 


O OH O 

II I H II 

HO— C C C— 0— OH 

H H 


O 


Heat II 

II 2 O + HO— c 


o 

II 

C=C— C— OH 

H H 


Along with this acid, which we shall call Acid 1, there is an acid anhydride of 
formula C 4 H 2 O 3 . If this anhydride is treated with water, an acid is secured 
identical in molecular formula with Acid 1, but quite distinct from it in its 
properties. Briefly, the distillation of malic acid produces two isomeric 
adds of formula C 4 H 4 O 4 . They are called maleic and fumaric acids. 

One of these acids, AciA 1, has a melting point of 287®. It begins to 
sublime at about 200®, Its solubility in water is slight. When heated to 
a high temperature it forms an anhydride, but addition of water to the 
anhydride yields Acid 2. 

Acid 2 melts at 130.5® and is quite soluble in water. If it is kept for 
some time at 200® it is converted into Acid 1; distilled with a dehydrating 
agent it forms an anhydride. Both acids are converted into succinic acid 
by reduction. The relationship between these two acids is best shown by 
the following formulas (see also page 328) : 
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no— C— OH 



HO— c— OH 


F urnaric acid, 
Trans acid, Acid 1. 
T’ran^-bulenedioic acid 


HC— 


C— OH 


H(^— C— OH 


Maleic acid, 

Cis acid. Acid 2. 
C'w-butenedioic acid 


It has already been explained that when two carbon atoms are joined by a 
double bond, two permanently different arrangements of the molecule 
are possible (page 59). The structure having the tw'o carboxyl groups 
near each other has been assigned to Acid 2, maleic acid, bi‘cause it easily 
forms an anhydride, and such behavior is justified by a formula which shows 
the carboxyl groups in close proximity. A structure such as this in which 
the principal groups a])pear on the same side of the molecule is called a 
ci^ compound; the opposite type is called trans. Hence this kind of geo- 
metrical isomerism is also known as cis-trans isomerism. It is found in 
all types of compounds having a double bond (page 328). 


Table 24. — Malek and Fumaric Acids 


. 

Maleic 

Fumaric 

Configuration 

cis 

trans 

M.p.T 

130.5° 

287° 

B.p 

135° dec. 

290° 

Solubility, H 2 O 

good 

50,000 

low 

Ratio of first to second dis.soc*iation constant 

45 



Some Transformations of Maleic and Fumaric Acids 


Succinic acid 



Malic acid 
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Commercially, maleic acid is prepared from benzene by air oxidation 
in the presence of a catalyst (page 409). The anhydride is produced in the 
same reaction. Both maleic and fumaric acids have industrial uses, how- 
ever maleic anhydride has a greater number of applications. It is an impor- 
tant compound in connection with the Diels-Alder synthesis (page 618). 

PoLYCARBOXYLIC HyDROXY AcIDS 

Several of the more important of these compounds will be briefly 
described. 

Tartaric acid, 

H 

HOC— C— OH 

//^ 

HOC— C— OH 

11 

or dihydroxysuccinic acid, may be synthesized by tlie treatment of dibromo- 
succinic acid with moist silver oxide: 


H 

BrC— C— OH 

+ 2AgOH 2AgBr + 

BrC— C— OH 
H 



In nature the acid is found free, also in the form of salts of calcium or 
potassium. The commercial source of the acid is the potassium hydrogen 
salt, which occurs in fermenting grape juice as a deposit called argol. 

Pure potassium hydrogen tartrate, known as cream of tartary is used in 
certain baking powders in which it is mixed with sodium bicarbonate. 
When water is added to this mixture, the free carboxyl group of the tartaric 
acid decomposes the bicarbonate: 


n H 

HOC— C— OH HOC— C— ONa 

1 + NaHCOs H 2 O + CO 2 + I 


I 

HO(J — C — OK 


I 

HOC— C— OK 


The sodium potassium salt of tartaric acid is known as Rochelle salt. It 
is used for treatment of constipation (Seidlitz powders). In Fehling's solu- 
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tion Rochelle salt is employed in a unique manner. This is an oxidizing 
solution containing copper sulfate; copper ion is the oxidizing agent. It is 
desirable to have the solution alkaline, as oxidation will proceed mor^? readily 
in this medium; however the addition of alkali to copper sulfate would cause 
a precipitation of Cu(OH )2 and remove i)ractically all copper ion from the 
solution. 

In the presence of Rochelle salt the following soluble salt is formed: 


H 

O 0-Na+ 


Cu 


()—C~ 

TI 


-C— 0-K+ 


Copper hydroxide is not precipitated when alkali is added to this solution, 
and the copper ion is released as needed for the oxidation. 

Tartar emetic^ potassium antimonyl tartrate, is employed as an emetic 
and expectorant; also as a mordant in dyeing. In the chapter on optical 
activity we shall find that tartaric acid, like lactic acid, exists in several 
isomeric forms. 


H 

HOC— C— OK 


, 

hoc:— c— osb==o 

H 


H2O 


T artar emetic 


Malic acid may be made by partial reduction of tartaric acid, or better 
by adding water to maleic acid, which is obtained from benzene (page 409). 
It is monohydroxysuccinic acid. Malic acid is found in many plants, 
occurring in seeds, roots, stems, or leaves of various species, also in numerous 
fruits. The acid has medical and industrial uses. 

H 

HO 2 C— CH 2 — COjH Malic acid 
OH 

Citric acid, like malic acid, is found in many acid fruits. It is easily 
obtained from lemon juice by neutralization with calcium carbonate, and 
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subsequent treatment of the calcium citrate with sulfuric acid; it is now 
being made by the fermentation of sugar solutions or molasses. Magnesium 
citrate is employed in medicine as a mild laxative. 



Citric acid 


Tributyl citrate is offered as a solvent and plasticizcT for lacquers, 
varnishes, polishes, and as an antifoaming agent for dispersions in water. 
In making blueprint paper potassium ferricyanidc is used with ferric 
ammonium citrate. In the parts of the paper which are exposed to light the 
ferric salt oxidizes citric acid and is reduced to the ferrous form. Upon 
washing the paper, ferrous ferricyanide is formed, while in those parts not 
light struck, the original unchanged salts are merely washed away. A blue 
image on white paper results. 


Identification Tests for Tartaric Acid and Citric Acid 

Tartaric Acid, (^alcium tartrate is precipitated upon addition of a solution of calcium 
chloride to a neutral solution of a tartrate. (The presence of ammonium salts will interfere 
with this precipitation.) The precipitate of calcium tartrate is soluble in sodium hydroxide 
solution; however, if this solution is heated the salt is again precipitated in a jelly-like form. 
Solutions of tartaric acid or tartrates will reduce ammoniacal silver nitrate solution giving a 
silver mirror. 

Potassium hydrogen tartrate is sparingly soluble in cold water, while neutral potassium 
tartrate is quite soluble. Thus when potassium hydroxide solution is slowly added to a solu- 
tion of tartaric acid, a precipitate appears after a time, but this again goes into solution as more 
potassium hydroxide is added. 

Dry tartaric acid or its salts decompose when heated giving an empyreumatic (burnt) 
odor, like burnt sugar; among other products we find pyruvic and pyrotartaric acids. Hot 
concentrated sulfuric acid also causes decomposition; the evolved gases smell of sulfur dioxide. 
Carbon monoxide and dioxide may also be detected. 

Citric Acid. Tricalcium citrate is formed when a neutralized solution of citric acid is 
treated with calcium chloride. The salt is soluble in cold water, but is precipitated when its 
solution is heated. This calcium salt is not soluble in sodium hydroxide solution (note 
behavior of Dirtaric acid). The dry acid dec^oinposes when heated, giving an irritating odor; 
carbon dioxide is one of the decomposition products. Hot concentrated sulfuric acid does 
not cause an immediate charring with citric acid as is the case with tartaric acid. 


REVIEW QUESTIONS 

1. Show by equations how oxalic acid may be made from: (a) HCN; (b) (CN) 2 ; (c) from 
the elements. 
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2. Assign names to the following formulas, (a) CICOCH 2 COCI; (b) 


H2(--~(X)()11 


(c) 


( 2H5 


HC— C=0 
\ 
O; 

/ 

hO~c==o 


(a) 


\ 


ii.c— c==o 
\ 

N—Na (e) CiVOiX^lhh 

/ 

H 2 C— CONH 2 II 2 C— C=0 CTI:; 

3. Write equations showing the formation of glutaric arid, also its reactions with: (a) Nil?; 

(b) Eton. 

4. Show by equations the synthesis of malonic acid from acetic acid. 

5. Write equations showing how the following compounds may be made by the malonic 

ester synthesis: (a) Dimelhylacetie acid; (b) w-Butyric acid; (c) Propybrnethyl-acetic 
acid. 


6. Write equations with graphic formulas for the following se<iuences. 

(a) Diethyl malonate + Na — > (A); 

(b) (A) + CII 3 I (B); 

(c) ^B) -f- Na -> (C); 

(d) (C) + CJiMn) (D); 

(e) (D) + hydrolysis, followed by heating of the resulting compound — > (E). 

7. Write sequences of equations with graphic formulas showing the preparation of tl)e follow- 

ing compounds by means of the malonic ester synthesis, (a) Ilexanoic acid; (b) 
Propanoic acid. 

8. Write equations for three reactions of phosgene which are those of a typical acyl halide. 

9. Outline the methods to be used to obtain carbon monoxide or carbon dioxide from oxalic 
' acid. 

10. Wherein does malonic acid differ chemictilly from succinic acid? 

11. How might one pass from ethylene to succinic acid? from ethylene glycol to succinic acid? 

12. Write a sequence of equations showing the preparation of succinic acid from n-propyl 

alcohol. 

13. Explain the isomerism of maleic and fumaric acids. 

14. Would ethylene glycol react with oxalic acid to form a monomolecular ester? Give reason- 

ing to support your answer. 

15. Write equations for the synthesis of diethyl malonate from sodium cyanoacetate. 

16. Make a chart showing the chemical interrelations of maleic and fumaric acids. 

1 7. When oxalic acid is sharply heated it does not char. How could you prove the presence of 

carbon in the compound? 

18. Wliy would it be difficult to mistake a saturated monocarboxylic acid for a dicarboxylic 

acid ? 

19. Which derivatives of carboni<; acid are similar in their chemistry to those of succinic acid, 

and which are dissimilar? . 

20. In what way is taiitomerism different from other isomerism? Illustrate with specific 

examples. 

21. It has been shown that alcohols may be made by the reduction r)f esters. Apply this 

method to the synthesis of 1,4-dihydroxybutane from the proper ester of the proper 
dicarboxylic acid. 

22. What three carboxylic acids so far discussed in this book have unique chemical properties? 

23. Make a chart of genetic relations for urea, indicating its connection with: phosgene, 

urethan, ethyl chlorocarbonate, ethyl carbonate. 

24. What would be formed from the following reactions? (a) Succinic acid with phosphorus 

pentachloride (in excess); (b) Diethyl oxalate and alcoholic ammonia solution; (c) 
Phosphorus trichloride and monoethyl succinate. 

25. Consider the melting point, density, boiling point, and solubility in water of the dicar- 

boxylic acids. How should the numerical expression for each of these properties change 
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as additional CH2 groups are placed between the carboxyl groups? Explain your pre^ 
dictions. 

Write a series of balanced equations showing the synthesis of tartaric acid from glyoxal 
(ethanedial). 

27. Citric acid may be made from acetoacetic ester by the following series of changes. The 

reagents used are indicated in parentheses. Acetoacetic ester (.(-I2) chloroacetoacelic 
CvSter (KC-N) cyanoacetoacetic ester (water, acid) acetonedicarboxylic ethyl ester 
(ethanol, catalyst) acetonedicarboxylic diethyl ester (HCN) addition compound (water, 
acid) citric acid. W’rite a series of balanced equations for these reactions. 

28. There is a dicarboxylic acid, isomeric with succinic acid, known as isosuccinic acid. 

(a) Write its graphic formula; (b) Predict its behavior when heated; (c) Show its syn- 
thesis from a-propyl alcohol. Note. The hydrolysis of CH3CH(CX)a gives succinic 
acid. 

29. How many cc. of 0.1 N NaOIl solution would be required for the neutralization of 1 g. of 

potassium teiroxalate? 

30. By the use of the following equation: 

5 Oxalic acid + 8II2SO4 + 2KMn04 — > 2MnS04 + K2SO4 + lOCOo -f 8II2O, 

predict the weight of potassium permanganate needed to oxidize 10 g. of oxalic acid. 
81. In which role is oxalic acid more effective (weight for weight), as a reducing agent or as an 
acid? 

32. A certain acid composed of C, H, and O contains 40.67% C, and 5.08.5% H. The mol- 
ecular weight of its methyl ester is 146. When the ester is hydrolyzed and the free acid 
heated, carbon dioxide is lost and a new' acid containing 48.66% C is produced. What 
is the structure of the original compound? 
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CIIAPTEK XIV 


UREA, THIOUREA, GUANIDINE, URIC ACID 

The compound urea has been known to chemists since 1773, when it was 
discovered in urine (by Rouelle), where it normally occurs in a concern tratioii 
of about 2%. The name urea suggests this source. From the i)hysiological 
standpoint, iire^a has considerable importance, since it is the chief decom- 
position product resulting from the metabolism of nitrogenous material in 
the body. From 25 to 35 grams are voided daily by an average adult. 
Methods for the estimation of the urea content of the urine are of interest to 
the doctor. 

Historically, urea is a unique substance. Previous to its artificial syn- 
thesis by W()hler in 1824, no organic compound had been made from 
inorganic or lifeless antecedents, and such a procedure was deemed impossi- 
ble of accomplishment. The success of this synthesis overthrew the old 
conception of “vital force,” giving fresh impetus to research in the field of 
organic chemistry. 

Urea is a colorless crystalline compound, quite soluble in water and 
alcohol, but insoluble in ether. Its melting point is 132.7®. It has been 
obtained by evaporating lu-ine and extracting the residue with hot alcohol, 
or better, by partial evaporation of urine and trea-trnent with nitric acid. 
Urea is precipitated in the form of its nitrate, which after recrystallization is 
treated with barium carbonate. The mixture is then extracted with alcohol, 
whose evaporation yields the urea. 

Urea is commonly called carbamide, a name which suggests that it is the 
di-amide of carb-onic acid. The syntheses which follow show that this is a 
correct conception. The monamide of carbonic acid is carbamic acid (see 
page 261). 

Preparation of Urea 

(1) The Wohler synthesis. A water solution of potassium cyanate and 
ammonium sulfate on evaporation produces first ammonium cyanate: 

2KCNO + (NH4)2S04 K2SO4 + 2NH4CNO* 
which on further evaporation rearranges itself to urea: 

• The original Wdbler synthesis was carried out with cyanogen and ammonia water and 
gave ammonium oxalate and other products in addition to urea. Subsequently the reaction 
was carried out in other ways. 
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NHa 

Evap. / 

NH 4 CNO >o=c 

of soln. \ 

NH2 

The reaction is reversible, but at equilibrium the main product is urea. 

The equilibrium between urea and ammonium cyanate depends upon the 
fact that both yield ammonia upon dissociation. Ammonia may react with 
cyanic acid by (1) taking a proton in the customary way, thus forming a salt 
and (2) adding as H and NII 2 to the carbonyl group, giving urea (in its enol 
form). Note the equations below: 


NHa + HNCO NH 4 - N(’0 

0) 

on 

/ 


NHa + HNCO H— N=C 

(2) 


\ 

NH2 


The removal of water suppresses reaction (1) which is completely reversed at 
high temperatures (ammonium salts dissociate when heated). 

(2) Genc^ral methods of amide formation suffice for the preparation of 
urea. The equations should be derived from those in the section on prepara- 
tion of amides, page 227. 

(a) Formation from ester and ammonia; (for equation see pages 206, 261) . 

(b) Prom the acid chloride and ammonia; (equation on pages 189, 261). 

(c) By heating the ammonium salt of carbamic acid: 

O O 

^ 130-140° II 

H2NCONH4 > H2O + H2N~-C— NH2 

(d) Commercial methods. By the reaction of ammonia with carbon 
dioxide at 140° under pressure. (Ammonium carbamate (see equation c) 
is the first product of the reaction.) By the hydrolysis of cyanamide (page 
295). 

(3) The alkyl derivatives of urea are prepared by treating amines with 
cyanic acid: 

H O 

I I! 

CjHsNH^ HCl + KNCO KCl + CjHsN— C— NH, Ethylurea 

A more convenient and better method involves the evaporation of a solution 
in water or alcohol of an amine and nitrourea. The nitrourea dearranges 
into cyanic acid and nitroamide; the former then produces the substituted 
urea: 


O H 

HNCO + HsNR -♦ HiNC— lijR 
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while the nitroamide decomposes to give nitrous oxide and water. The 
properties of monoalkyl ureas resemble those of urea. 

Tetraalkyl derivatives of urea are prepared by treatment of secondary 
amines with phosgene: 


o=c 


/ 


Cl H| — N— (CH,)8 


\ 


2HC1 + o=(:: 


Cl H — N— (CH,)2 


/ 

\ 


N(CH,)* 


Tetramethylurea 


N(CH3)2 


Reactions of Urea 

(1) Action of heat. Urea when heated above its melting point loses 
ammonia. A new compound called biuret is produced: 

o o o o 

II , H II ^ II H II 

HjNC— N Hs + HNj—CNHj Nila + H^NC— N— CNH^ Biuret 


An alkaline solution of biuret gives with copper ion a violet color (the 
“biuret test”). The above procedure serves as a test for urea in the 
absence of proteins and certain other substances, which because of their 
possession of a “biuret grouping” also give the test. (See page 728.) Ordi- 
narily the heating of urea also produces cyanic acid and ammonia; the cyanic 
acid then undergoes polymerization to cyanuric acid and other substances. 

(2) Hydrolysis. Urea, like any amide, hydrolyzes to yield its acid and 
ammonia : 


o=c 


/ 

\, 


Hi— OH 


OH 


2 NH 3 + 0=C^ (H 2 O + CO,) 


NH, H|— OH 


\ 


OH 


Hydrolysis is expedited by the use of a base or an acid; it is promoted as well 
by the enzyme urease, which is present in castor- or jack bean. Certain 
organisms present in the soil also cause hydrolysis of urea, ammonium car- 
bonate being formed thereby. 

(3) Reaction of riitrons acid. Monamides, as we have seen, react with 
nitrous acid, liberating nitrogen gas and forming their acids (page 228). 
Urea also reacts in this manner: 


o=c 


\ 


N |H, o| rlr— OH 


N IhTqI N— OH 


2H,0 + 2N, + H,COs(CO, + H,0) 


]n performing a nitration urea may be added to remove nitrous acid. This 
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removal is beneficial because nitrous acid is a catalyst for the oxidizing action 
of nitric acid. 

(4) Reaction of alkaline hypobromite solution (Hofmann, 1881). Urea is 
oxidized when treated with a solution of potassium or sodium hypobromite. 

Tht‘ gaseous pn)ducts are nitrogen and carbon di- 
oxide, the latter being absorbed by the excess base 
present : 

CO(NIl2)2 + 8Br2 + 8KOII 

(>XBr -f K2CO3 + No + 611 oO 

Urine may be treated in a ureoniotcT (Fig. 38) 
with alkaline hypobromite solution I0 determine 
the amount of urea it contains (by noting the 
volume of nitrogen released), but the method is not 
strictly accurate. The more modern y)roce(liire is to 
decompose the urea by the use of a solution of 
urease, and measure the amount of ammonia which 
Fifl.33. — Dorernus- results by means of titration with standard acid. 
Hinds ureonieter for d(‘- (5) Action of mineral acids; salt formation. 

termination of urea in Urea forms salts with acids. The nitrate and oxa- 
late crystallize well from nitric acid and alcohol 
respectively. Letting the symbol U stand for urea the formulas of these 
salts are: 

UHN()3 and 112(00011)2 

The symmetrical formula for urea would, however, predict the formation of 
U*(HN03)2 and U-(OOOII)2. The fact that these salts do not form gives 
support to the unsymmctrical Werner formula for urea which is: 




There is other experimental evidence in favor of the Werner formula, 
but it has not survived the test of time. Present opinion is that urea is a 
resonance hybrid and that its structure can best be visualized as lying 
between the two structures shown herewith. 


H*N+ 


H^N 

\ 


\ 

c— 0- 

and 

C— 0 

/ 


/ 

H,N 


H,N+ 

(I) 


(II) 


Resonance. In the case of many organic molecules it is possible to 
construct two or more graphic formulas which differ from each other only 
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in the disposition of certain valence electrons. The methods of wave 
mechanics have shown that in such cases the molecules adapt themselves 
by assuming a structure intermediate between the limiting states shown in 
the formulas. The molecule is said to be a resonance hybrid of the two or 
more possible structures. 

Urea, for example, is considered to be a resonance hybrid of structures 
(I) and (II), p. 272. The actual structure lies between these and partakes 
of the nature of both of them. As a consequence the true structure of urea 
or of any other resonating molecule cannot be shown by a single graphic 
formula. See page 398 for further discussion. 

Urea nitrate is useful for the preparation of nitrourea: 

O O 

II 1I.S(), II H 

!I,N— C - NIl . lINOa > IL.O + Il^N— (> N— NO 2 Nitrourea* 

-3° 


The nitrourea is r(?duced eleetrf)lyt,ically to ]>roduee the important reagent 
amiiiourea or aemicarbazide: 


O 0 

II II Uo<lu II II 

lUN- C N NO, 211,0 + H 2 N C~ N NH, Semicarbazide 
()H 


Semicarbazide is used witli aldehydes and ketones in much the same way 
as phenylhydrazine. The nraetion is of the same type, and usually furnishes 
a crystalline derivative which is suitable for purposes of identification. The 
products arc called semicarbazoiies. 

Example : 

O O 

H II II II H II 

CH 3 - C— O + IIoN N C NH, -^11,0 + CH 3 C -N N~ C-NH, 

Acetaldebyde semicarbazone 


( 6 ) Action of organic acids (acid halides, acid anhydrides): 




/ 


o 




/ 


O 


H 2 NC— N-iHl + Clj-C-CHa -> HCl + HjN— C N— C— CH, 


\: 


H 


Acetylurea 


Compounds called urddes are formed. These are analogous to amides in 
method of formation, and in structure. 

* jBoth urea nitrate and nitrourea are powerful explosives. 
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/ 


.0 




CHr-C— N— II CHa-C— N— C— NHj 


H 

Acetamide 


H 

Acetylurea 
(acetic ureidc) 


(7) Reaction of dicarhoxylic acids. The cliearboxylic acids by their action 
with urea form ureides which are cyclic compounds. The formulas of a few 
of these compounds follow: 


/•?. H 

C— lOHi illi— N 


O. 


+ 


C— iOHi iHi— N 

V"' ' H 


\ i*ocu 

C=0 V 

/ 


\ H 

C— N 


\ 


C — O Tarabanic acid* 

/ or Oxalylurca 


C— N 

0.x 


H ^\6 H 

C— lOHj iHi— N Ni 

/ \ POCU 5 / \2 

HzC + C'=-0 » HaC C=0 Barbituric 


\ ......... / 

C— iOHi IHi— N 

V H 


\ / 
^C— N» 

q/ h 


acid* or 
Malonyl- 
urea 


CsHb 


C N 


\ / \ 
c c 

'^C 

\0H 


0=0 Diethyl barbituric acid, Veronal 
(E. Fischer, 1903) 


For one method of introducing the ethyl groups, see reactions of malonic 
ester, Chapter XIII. 

H 

♦CoHa C- N 

\ / \ 

C CV=0 

/ \ / 

Calls C N 

/ n 

o 

l^uminul, Cardenal 


Another method of forming veronal is to condense diethyl malonic ester 
with urea with the help of sodium ethoxide. Many hundreds of compounds 
of the type of veronal have been made, to be used as hypnotics, anesthetics, 
* See page 896. 
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and preanesthetic sedatives. The names of some of these with the groups 
corresponding, are: 


Niinir (iroiips (in 5,5 position) 

Alloiml Isopropyl, allyl (with pyrainidon) 

Ainyial Kthyl, isoarnyl 

NeinbnUil Ktliyl. 2-secondary iimyl 

These compouiuls are only sparingly soluble in water, but form sodium 
salts which are quite water-soluble and are used in medical practice. In 
spite of the large number of such compounds already made there is very 
active research in the synthesis of additional members. The compounds 
have these advantages; they work quickly and can be given either by mouth 
or by injection. They are not habit forming. On the debit side are 
the digestive and other disturbances which frequently follow their use. 
Research is directed mainly to trial of new substituting groups and to varia- 
tion of positions of substituting groups in the molecule. 

Within the past few years a number of thiobarbiturates, made with thio- 
urea instead of urea, have been tried as hypnotics. Several have shown 
promise of success. They acted very promptly and allowed quick recovery 
after sleep. One such is Pentothal, the sulfur analog of Nembutal. 


Uses of Uuea 

Large amounts of urea are used in compounding fertilizer. Its high 
nitrogen content and ease of hydrolysis make it a good substance through 
which to restore nitrogen to the soil. Since urea reacts with nitric acid, it is 
used as a stabilizer for nitrocellulose products (explosives) in which nitric 
acid or its oxides might accumulate as a result of decomposition. Vast 
amounts of urea are used to form resins, for example with formaldehyde. 
About 1500 tons of urea were so used in 1935. It is claimed that a 2% 
solution of urea has great value in relieving pain and promoting healing in 
skin infections, burns, carbuncles, and slow healing wounds in general. 
Urea is used in many other ways, e.g., for making varnishes, dyes, pyroxylin, 
etc. A recent use is as basic material for the synthesis of sulfamic acid, 
H 2 NSO 8 H, whose ammonium salt is a valuable flaneproofing material for 
fabrics and paper. Urea is now used to prevent splitting and checking of 
lumber during the drying or seasoning process, also to treat wood which is. 
to be bent and shaped. 

Thiourea 


The sulfur analog of urea, thiourea, may be prepared by a method similar 
to the Wohler synthesis of urea, from ammonium thiocyanate: 

NH 2 

Heat / ^ 

NH4SCN ?:± S=C 


Thiourea 



276 


TEXTBOOK OF ORGANIC CHEMISTRT 


It may also be made from hydrogen sulfide and cyanamide in the presence of 
ammonia : 

NHs 

Nil, / 

CN-NHa + HaS >■ S==C 

\ 

NHa 

Thiourea reverts to urea when treated with cold permanganate solution : 

HaN HaN 

\ KMnO, \ 

CHS + Halo > S + IlaO + 0=0 

/ ' / 

HaN HaN 

Neither thiourea nor its alkyl derivatives are worth an extended discussion. 
The aromatic derivatives of thiourea are, however, of importance (page 468). 


Guanidine (Strecker, 1861) 

This compound is closely related to urea and may 1)e thought of as the 
amidine* of carbamic acid, urea being its amide. 

o o nh 

HaN -C— on HaN— C— Nlla HaN— C - NHa 

Carbamic Urea, Guanidine, Iminourea 

acid Carbamide (iminocarbaniide) 

Guanidine is found in beet juice; its derivatives creatine and creatinine are 
products of protein metabolism, and the latter is constantly present in the 
urine in small amounts. 

Guanidine is a colorless, crystalline, hygroscopic solid, soluble in water 
and alcohol. It is a more basic compound than urea, due to the presence 
of three ammonia residues. Guanidine absorbs carbon dioxide from the air, 
forming its carbonate, and unites with one equivalent of acids to yield stable 
salts. The nitrate is sparingly soluble in water. 

Preparation. (1) Guanidine may be prepared from cyanamide and 
ammonium chloride. When these are heated in alcohol solution the 
hydrochloride of guanidine is obtained: 

H 2 N CN + NHa-HCl ^ (NH2)2C=NH HC1 

(2) Another method involves the reaction of an ester of orthocarbonic 
acid and ammonia: 

160® 

C(0C2H5)4 + SNHs ^ 4 C 2 H 6 OH + (NH2)2C=NH 

(8) Ammonium thiocyanate, when heated, produces guanidine. The 
action of heat on ammonium thiocyanate rearranges this substance to 

^NH is the imino (imido) group; in an amidine it is substituted' for oxygen of an amide. 
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thiourea as has been shown. This then breaks down to H2S and cyanamide: 

NH2 

/" Heat 

> HoN-CN + HsS 

\ 

NH2 

By action of ammonium thiocyanate upon cyanamide, guanidine thio- 
cyanate is formed: 

Nn 2 

H2N — CN + NTIiSC'N — > HN~ C — NTIs-SCN Guanidine thiocyanate 

Bbactions of Guanidine 

( 1 ) Guanidine treated with barium hydroxide solution yields urea: 

Ba(OH)2 

(Nn2)2C--NH + (Nn2)2C-o 

112O 

(2) Derivatives with acids. Guanidine, like urea, forms derivatives with 
acids. Guanidine nitrate and nitroguanidine, easily made from it, are 
used as explosives. Several of the derivatives which are of physiological 
importance are illustrated below. 

(a) With glycine. Guanidoacetic acid is formed by loss of ammonia 
and then passes to its lactam by loss of water: 


H H* 

HjN-C— NHz+HsN— C:H2— (;— OH-^NHs+HjN— C— N— C— C 

II I II \ 

N OH 


N 

H 


NH 

II 

HN— C— NH 

'C- 


H2O + \ I 

CH 


H 

Guanidoacetic acid, 
Glycocyamine 


o 

Lactam 


(b) Other derivatives. 

Creatine. N-methylguanidoacetic acid. This compound is found in 
the fluids of muscles. Its anhydride is creatinine. 

NH2 

/ 

HN==C O 

N— CHr-C— OH 
CH, 


Creatine 
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Creatinine. Found in extract of beef and in human urine. 


11 

N— (' 


/- 


() 


/ 

HN“ (' 

\ 

N Clio 
(Uls 


( ’reatinifio 


Arginine, a-amino-5-guani<lov^aleric* aci<l, a derivative of guanifliiie, 
is one of the deoomposiLion products of the proteins (i>age 71()). 

H 

N— CII2— CHo CJh O 

/ \ii 1; 

HN— C ( OH 

\ /' 

NH2 II2N 

Arginine 

Uric Acid 

Uric acid occurs in small amounts in the urine, from which it was first 
isolated by Schecle in 1776. With man, this compound represents but an 
insignificant part of the total nitrogen eliminated, while with birds and 
reptiles it is the chief constituent of the excreta. It may be prepared from 
guano, which is the excrement of certain sea birds, or from snake excrement, 
either of which sources contains the ammonium salt. 

In gout or in arthritis there may be an overproduction of uric acid by the 
body. This forms deposits of sodium urate in the joints; often urinary cal- 
culi or stones are composed of uric acid or urates. 

Uric acid is very sparingly soluble in water and insoluble in alcohol and 
ether. There are no carboxyl groups in the compound ; however it acts like a 
weak dicarboxylic acid, forming two series of salts. The chemistry of uric 
acid is in many respects too difficult for an elementary presentation; on the 
other hand, several steps in its synthesis follow naturally from what has 
already been set forth, and the physiological importance of this compound 
also demands at least a brief consideration. 


HN— C=0 


H 

0=0 0— N 


\ 


HN— C— N 

II 




c=o 


Uric acid 
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Johannes A, WisLicENTra. (1 835-1 902» 
German.) Outstanding research chemist, 
best known for the acetoacelic ester and 
malonic ester synthcs(‘s, for tht* synthetic 
production of lactic acid. He noted the 
difference between d- and /-lactic acids and 
foretold (1809) that this diffenuice would 
have to do with the space arrangement of 
the atoms. Sec ♦/. Chrm. Sor. (London), 
87 , 501 (1905); also this book, page 33ii- 



BerioUe, 87 . 4861 ( 1904 ). 



Friedrich K. Beilstein. (1838-1900, 
Russian.) Compiler of the monumental 
“Handbook" of organic chemistry which 
today comprises over fifty volumes. 
Beilstein discovered the isomerism of 
benzyl chloride and chlorotoluene. See 
,/. Chem. Soc. (London), 99 , 1640 (1911), 
Chem, Education, 16 , 51, 303, 310 
(1938); also this book, page 9. 
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Structure. Uric acid has a structure which suggests its possible forma- 
tion from urea after the manner in which cyclic ureides are prepared. In 
fact, the oxidation of uric acid with HNO3 yields alloxan: 


HN— C=0 

c=o 

HN_c;==o 


the ureide of mesoxalic acid, 


/° 

HO C— OH 

\l 

C 

/I 

HO (^— OH 
^O 


Alloxan 


Mesoxalic 

acid 


also parabanic acid, or oxalyl urea, and urea. The dotted lines across the 
uric acid formula show the position of these fragments in the complete 
structure: 


HN— C=0 

0-=C 


HN- 







!h 


IN 


\ 


c-o 


/ 


■N 


|h 

4— 


Alloxan residue 
Oxalyl urea residue 


Urea residue 


Synthesis of Uric Acid (Baeyer and E. Fischer) 

Barbituric acid with nitrous acid yields violuric acid, which on reduction 
gives uramil: 

H 

N— C 

/ \ 

o=c c 

\ / 

N— C 

H \o 


h7+^ =noh — H2O + 


Barbituric acid 


H 

N- 


/ 


O 


0=C 


/ \ 


Redn 


\ / 

N— C 

H \o 

Violuric mi 


C=NOH 


-> o=c 


/ 


H 

N- 


/ 


O 


-C 


\. 


\H 

C— NHs 

/ 

N— C 
H 

Uramil, 5-Aminobarbituric 

mi 



UREA, THIOUREA, GUANIDINE, URIC ACID 


281 


Pseudo uric acid is formed from uramil: 




.,0 


H H 

N— C N— C 

/ \H KCNO / \H H 

o=c c— NHs > o=(:: (^— n— c— nh* 

\ / Acid \ / 

N — C N — C Pseudo uric acid 

H \n H V 


The dehydration of pseudo uric aci<l gives uric acid: 


H 

N— C „ 

/ \JH^ H 

0=C ci — N— C 

\ / \ /\o HCl 

N— C ^ 

H ^-1lN 


HN— C 

I I H 

Hs0 + 0=C C— N 


HN— C— N 
H 


^C=0 Uric 
/ acid 


Johnson has recently announced the isolation from tea leaves of 1, 3,7,9- 
tetramethyluric acid, first synthesized by Emil Fischer in 1884. This is 
the first reported instance of the occurrence of a methyl derivative of uric 
acid in nature. A yield of about 10 g. was secured from several million 
pounds of tea. 

Uric acid in some of its reactions behaves as if it had three hydroxyl 
groups, again as if it were a ketone. We must therefore suppose that the 
compound exhibits keto-enol tautomerism. The formation of salts by a 
compound which has no carboxyl groups is also explained by this assumption 
(see acetoacetic ester, malonic ester, succinimide). 


HN— C==0 
o==c C 


HN- 


H 

•N 


N=C— OH 
HO— C C 


H 

•N 


\ 


/ 


C=0 


-N 
H 

Keto form 


N-e- 


-N 


\ 

( 


C— OH 


Enol form 


All of the oxygen derivatives of purine (see below and page 648) show keto- 
enol tautomerism as does uric acid. 

It is convenient to consider both uric acid and its derivatives as if derived 
from the synthetic C, H, N compound. Purine, as they all contain this 
structure as a nucleus. By numbering the corners of the purine structure 
as shown, the various derivatives are easily described (see page 648). 
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H H 

C N 


C N 

N . . CTI 



/'\ 

N ,C «CH 


1 

1 

H 


lie 2 5 ( 

1 

"N 


1 ' 11 „ll or 


1] 


\« 


HC" 4C ‘N 


1 

[1 


ClI 

Purine 

\3 / 


ii 

'1 


/ 


N 

IN 


^4 

N, 



The rectangular formulas used up to this point emphasize the relationship 
of uric acid to urea. The second formula given for purine adheres to this 
schetne. Formulas of this type arc still used by many chemists. However, 
it is also desirable to consider these compounds and others related to them 
along with the heterocyclic compounds, and for this reason the purine and 
pyrimidine compounds will be found in (-hapt(‘r XXXIV. 

REVIEW QUESTIONS 

1. How may urea be prepared: (a) from urine? (b) syntheLieally ? (Give three methods.) 

2. Estimate the volume of iiitroj;en whieli would be libera U‘d from 0.25 g. of urea by treat- 

ment with alkaline hypobromite solution; (b) by treatment with nitrous acid. 

3. A sample containing urea was treated with alkaline hypobromite solution. The sample 

weighed 0.25 gram and liberated 55.98 ec. of nitrogen, (’alculate the percentage of 
urea in the sample. 

4. A sample of pure urea w’hen hydrolyzed neulralized 45.0 ee. of N/10 H 2 S ()4 solution. 

What was the weight of the sample? 

5. Write equations for the aetion of urea with nitrous aeitl; with propionyl chloride. 

6. Cite several reactions which justify the name “carbamide ’ for urea. 

7. What is a ureide.^ Show’ formation of a cyclic ureide. 

8. Show how’ urea may be .synthesized from: (a) Thiourea; (b) (iuanidine. 

9. Indicate the reactions by whicli you would prepare veronal, 

10. What compound might be formed from the reaction of ethyl carbonate and urea? 

11. How can you explain the fact that mesoxalic acid has two hydroxyl groups on one carbon 

atom ? 

12. Write the formula for the purine derivative recently found in tea by Jolinson (page 281). 

How do you account for the fact that this compc»und was synthesized in 1884 and only 
found in nature after a lapse of 53 years? 

13. Show by the use of graphic formulas the different tautomeric forms possible for creatinine. 

14. What differences arc observed when dry acetamide and dry urea are heated? 

15. A water solution of cyanogen after standing some hours is found to contain ammonium 

oxalate and urea. Explain, with equations, how these compounds are formed. 

16. When making ethyl nitrate from ethyl alcohol and nitric acid, urea is added to avoid 

formation of ethyl nitrite. Explain, with equations. 

17. Explain the formation of guanidine from cyanamide and ammonium chloride. 

18. A w’ater solution of urea (A) has a specific gravity equal to 1.00. A 5 cc. sample of this 

solution when treated with sodium hypobromite solution liberates 38 cc. of nitrogen. 
What is the percentage concentration of urea in solution (A)? 

19. When urea is heated above its melting point, cyanic acid and ammonia are produced. 

Explain the formation of biuret from these products and unchanged urea. 

20. List the substances mentioned in this chapter which (a) are anesthetics; (b) are used in 

the detection and estimation of urea; (c) contain sulfur; (d) may be used to synthesize 


urea. 
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21. Write graphic formulas for the following hypnotics, derivatives of barbituric acid: Neonal 

(5-ethyl-5-n-butyl compound); Dial (.'5,.'5-diallyl compound). 

22. Assign names to tin* followirig formulas. 

(a) UNC O; (b) II.NC (UNII4; (c) (\,Il7N IICONlL>; (d) (K (’(OH),; (e) H.NCONII- 
Nil,; (f) IIN (’(NH,)N(('H:,)( H.C’CMI. 

2.S. Name four important organic compounds which may be iriadc from carbon monoxide. 

Write complele equations for the synthesis of these tjompounds. 

21. Write cciuations for reactions of four different organic compounds which yield carbon 
dioxide (or a carbonate) as a by-product. 
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CHAPTER XV 


NITRILES, ISONITRILES, AND RELATED COMPOUNDS; 
NITRO COMPOUNDS 


Nitriles or Alkyl Cyanides 


The nitriles arc colorless liquids (up to Ch) or solids. The first few 
members of the scries are slightly water-soluble and have peculiar but not 
unpleasant odors. They arc C, H, N compounds, of type R — C^N. 

They may be formed from: 

(1) A primary or secondary alkyl halide and potassium cyanide, by 
double decomposition: 


CHsIl +1CICN -> KI + CHa— CN* 


Ace ton i Iril e, Eth aneni trilc 


or by the dehydration of (a) amides or (b) aldoximcs: 

SOjd. or 

(a) CHr- CONHa ^HaO + CHs -C^N 


PaOj 

P2O6 + HaO 2HPO3 


(b) CH; 


H 

:h,— i=: 


NOH HaO + CIIr-(: = N 

anhydride 


(2) A nitrile is produced when the vapor of an acid is passed with 
ammonia over a catalyst heated to about 500°C. 

AI2O3 

RCOOH + NII 3 > + RCN 

500 ° 


This is the commercial method of production. 

The first synthesis is a means of adding carbon atom to a chain. In 
(a) and (b) the previous history of the starting compound proves the struc- 
ture of the nitrile; we know that the methyl group is joined to carbon and 
not to nitrogen. These syntheses differ from the first in that they do not 
yield isocyanide. 

Nomenclature 

These substances are called nitriles and are named from the acids formed 
by their hydrolysis, or from the parent hydrocarbon, with the addition of 
“nitrile.’’ 

♦ There is a small yield of CH3NC. 
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Example: 

(TH 3 — C^N Acetonitrile, Ethancnitrile 

Also they are calletl alkyl cyanides. 

Example : 

'N Ethyl cyanide, Propanenitrilc 
Reactions of Nitriles 

( 1 ) Hydrolysis. Formation of amide or fatty acid. Partial hydrolysis 
of a nitrile yu^lds an amide; complete hydrolysis gives the corresponding 
acid; i.e., its animoniiim salt. 


(’.IlaCN + H/) Clh- ('— NII» + H/) -> NH., + CH3- C— OH 

The hydrolysis is expedited hy the use of either base or acid. U carried out 
with alkaline liydrogen jx'roxide it may be halted at the amide stage. 

( 2 ) Reduction. Formation of a primary amine. When carried out 
with sodium in absolute alcohol this is known as the Mendius reaction 
(1862). 

Rodn 

CH3— C - N > CIT3CH2NII2 Ethylamine 

4H 


This reaction confirms the fact that in a nitrile the carbon of the CN group 
and carbon of the alkyl group are directly attached. 

( 3 ) Reactions with alcohol, (a) Formation of an imido-ester (imido 
group in place of oxygen of an ordinary ester). The formula for such an 
ester is given on page 230. The hydrochloride of the imido ester is formed 
by reaction with the alcohol in the presence of dry hydrogen chloride. 

(b) A nitriles reacts with an alcohol in the presence of sulfuric acid to 
give an ester: 


OH O 

I (lI,OH II 

IIjC-C— CN > Nn 4 lIS 04 + H2C--C C— OCII,, 


CHs 


lIjS(>4 


CH, 


Methyl 

methacrylate 


The polymerization of methyl methacrylate gives the resin called Lucite 
(page 505). 

Formonitrile. It has been stated before that the first member of a 
homologous series may have anomalous reactions, besides possessing all of 
the typical reactions of its class. This is clearly seen in the case of for- 
monitrile (HCN), the first of the series of cyanides. . The presence of the 
cyanide group imparts such activity to the hydrogen that this substance 
acts like an acid; hydrogen is replaced by active metals, also salts are 
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formed with bases. These facts receive recognition when we call this 
compound “hydrocyanic acid” (prussic acid). It is a very weak acid, 
much weaker than carbonic acid. 

HCN + KOH H 2 O + KCN 

Hydrogen cyanide is an extremely poisonous, low-boiling, colorless liquid, 
soluble in water. It may be obtained from the glucoside amygdalin by 
hydrolysis. The typical reactions of cyanides are shown below for hydrogen 
cyanide. 

Formation: 

-H,0 -lIjO 

HC— ONH4 HC— NII2 IICN 

II 2 O IIsO 

Ammonium formate Formamide Formonitrile 

The commercial preparation is from the action of sulfuric acid upon an 
alkali cyanide. 

Hydrolysis: 



HCN + 2 H 2 O NII 3 + HC— OH 

Reduction: 

Redn 

HCN > CH 8 NH 2 Methylamine 

4II 

The hydrogen of HCN may he replaced by halogen^ like hydrogen of an alkyl 
group. Compounds like cyanogen chloride, bromide, etc., are secured in 
this way. 

NaCN + CI 2 NaCl + Cl— CN Cyanogen chloride 

Cyanogen chloride is a gas; the corresponding bromide and iodide are 
solids. All have very irritating, tear provoking vapor, and are actively 
poisonous (see page 323). They are valuable in synthesis. Inspection 
of the formula of cyanogen chloride shows that it is the acid chloride of 
cyanic acid. 

Cyanamide may be formed from the chloride by action of ammonia; 

NC— [C l~+Hl — NH 2 ^ HC1(NH4C1) + CN— NH 2 

Hydrogen cyanide is known to be a tautomeric compound existing in 
two forms: 

HCN HNC 

It exists almost entirely in the HCN form and the equations shown above 
are for that form. The HNC form is represented in various derivatives; 
for example the isocyanides shown in the next section. 
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Uses of HCN. Chief uses of hydrogen cyanide depend upon its high 
toxicity. It is used as a fumigant for fruit trees, in ships, as a lethal gas in 
some states for the execution of criminals. The use of potassium cyanide in 
silver plating depends upon the formation of the complex salt KAg(CN )2 
from excess of KCN and AgCN. The complex salt ionizes but slightly, 
hence when used in electroplating an even coating results. If the solution 
were highly charged with silver ions the plating would tend to be uneven, 
perhaps spongy. The same principle is applied to gold plating. In the 
“cyanide process” for the extraction of gold, a soluble cyanide is used in the 
presence of oxygen (air). The gold dissolves as a complex salt: 

4NaCN + 2Au + + IhO -> 2 NaOTI + 2 NaAu(C]Sf )2 

ISOCYANIDES, IsONITRILES, OR CaRBYLAMINES 
When an alkyl halide is treated with silver cyanide an isonitrile is formed: 
CH 3 I + AgCN — > Agl + CH 3 NC Methyl isocyanide, Methylcarbylamine.* 

The Hofmann reaction (page 311) used to identify primary amines, also 
jjroduces isocyanides: 

11 H 

‘ 1 KOH in I KOTI in 

C2H5N— [Ha 4 - CUl— c.^— Cl » C2H6N==€C1 > C2H6NC 

alcohol alcohol 

Ethyl isocya- 
nide, Ethyl- 
carbylamine 

Isocyanides are colorless liquids with very disagreeable odors. They 
are poisonous substances. They are water-insoluble compounds whose 
boiling points lie 20 to 30° below the boiling points of the corresponding 
nitriles. When heated to 250° rearrangement to cyanide takes place: 

RNC > RCN 

Evidently the RCN arrangement is more stable than RNC, as HCN is more 
stable than HNC. 

Reactions 

( 1 ) Hydrolysis: 

CHjNC + 2H2O HC — OH + CHsNH 2 Methylamme 

The isonitrile hydrolyzes to yield a primary amine, while the nitriles by 
hydrolysis give the corresponding fatty acids. It is plainly seen that in an 
isonitrile the nitrogen of the CN group attaches to carbon of the alkyl 
• This is the principal product; there is also some CHjCN. 
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group. The acid hydrolysis of isonitriles is far more rapid than the corre- 
sponding hydrolysis of nitriles. Isonitriles are stable toward alkali. 

(2) Reduction: 

Redo II 

CHsNC' — > H3C — N — CH3 Dimcthylainine 

4H 

Note that a primary amine can be formed from either nitrile or isonitrile 
(by d ifferent methods) . On reduction nitriles yield jirirnary am ines, whereas 
secondary amines are formed from the isonitrilcs in this way. 

(3) Oxidation: The oxidation of an isocyanide gives an isocyanate: 

C2H5NC + TIgO -> Hg + C2TT5NCO Ethyl isocyanate 

(4) The isocyanides readily react hy addition with a number of sub- 
stances : 

RNC + S -> RNCS Mustard oils (page ^^93) 

RN(" + O — > RNCX) Isocyanates (see below) 

RNC + Ch RNC 



Structure. Since the added atoms have been proved to join with the 
carbon of the isoriitrile, the following formula, RN=C, having divalent'^ 
carbon has been used for these compounds and is still in favor with many 
organic chemists. The addition reactions of carbon monoxide, analogous 
to the above reactions (note eciuation for formation of phosgene, page 260) 
have similarly given support to the formula C=(). 

These formulas have been satisfactory to chemists, since they rationalize 
quite well the unusual reactions of the compounds. Unfortunately they 
must be abandoned, as the modern methods of physics and chemistry, when 
applied to the isocyanides, do not uphold a formula with divalent carbon. 

The modern formulas for carbon monoxide and for cyanide ion are as 
shown below: 

:Ck): [:CiN:]“ 

I II 

Each is characterized by the sharing of six electrons between the atoms and 
by the possession of “lone pairs.” The cyanide ion is seen to have the 
same structure whether furnished by a cyanide or an isocyanide. If hydro- 
gen or an alkyl group shares the lone pair of the carbon, we have a cyanide; 
if the lone pair of the nitrogen is shared, we have an isocyanide, 

R:N:C: R— N^C R— N^C 

la lb Ic 


* See footnote, page 15. 
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In an alkyl isocyanide the activity of the carbon atom is due to its 
possession of a lone pair (la); in the cyanide, nitrogen is active for the same 
reason. The arrow in formula (lb) and the plus and minus signs in (Ic) 
have the same meaning. They indicate that one of the valences is “coordi- 
nate”; that is, that two of the electrons in the octet for carbon came from 
the nitrogen; carbon is the “acceptor.” In an ordinary covalent link each 
atom contributes one electron, but in a coordinate link one atom has a 
share in two electrons from another atom (see page 127). 

Difference in Behavior of Potassium Cyanide and Silver Cyanide. It 
was noted that the reaction of an alkyl halide with potassium cyanide gives 
mainly an organic cyanide, while its reaction with silver cyanide gives 
mainly an isocyanide. One attempt to explain this calls attention to the 
fact that potassium cyanide is an ionic compound. If an alkyl halide 
reacts with potassium cyanide, the reaction is probably with the ion. Either 
IINC or IICN could result, but the latter is the more stable arrangement. 
Silver cyanide is very little ionized and may be considered as a molecular 
compound ( Ag : CjN : ) . The reaction of an alkyl halide with this molecule is 
influciK^ed by the lone pair of the nitrogen, which causes the alkyl carbon to 
unite there. Thus the RNC structure results. There are weak points in 
this exjdanation which has been presented very bri('fiy. More facts are 
neech'd from research before this problem can be thoroughly understood. 

IsCK^YANATES 

The oxidation of potassium cyanide, KC'N, leads to the formation of 
potassium cyanate, KOCN, a derivative of cyanic acid. This acid exists in 
several isomeric forms: 

H — O — N““C Fulminic acid 

H— O — C^N Cyanic acid; not yet isolated 

H — N”C'~0 Isocyanic acid 

Inorganic cyanates and fulminates are well known; however, well defined 
organic derivatives have not yet been made. On the other hand the organic 
isocyanates are well recognized substances. They may be formed as 
suggested before by the oxidation of isonitriles. They are intermediate 
substances in the reaction of hypobromites with amides (Hofmann reaction, 
page 306), and hydrolyze to yield amines and carbon dioxide in the last step 
of this reaction. 

Probably a substituted carbamic acid is first formed, which, like car- 
bamic acid itself, is unstable: 

h| /^\ 

CH,n 4-C— OjH CO 2 + CHsNHs 
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Cyanic acid may be obtained from its salts in the customary way. In 
the presence of a strong acid decomposition ensues : 

HNCO + IhO NII 3 + ( O 2 

Pure cyanic acid may be made by heating cyanuric acid, (C'sHsNaOs). It 
must be kept below 0° to avoid change. It is a volatile strong acid smelling 
like acetic acid. On standing cyanic acid passes to tripolymers known as 
cyamelide and cyanuric acid. 

Alkyl isocyanates (but not cyanates) are made by reaction of alkyl 
halides with silver cyanate or alkyl sulfates with potassium cyanate, or by 
oxidation of carbylamines as has been shown. Isocyanates are liquids with 
a disagreeable odor. 

Reactions 

( 1 ) With alcohols^ uocyanates yield urethans: 

n 

CHs— N=C==0 + CjITbOH CHa— N— C— OC sIIb Ethyl-N-methyl- 

Methyl isocyanate urethan * 

( 2 ) With ammonia, substituted ureas are produced: 

H 

CHa— N=C=0 + HNHa CII,— N— C— NH 2 Methylurea 

In both cases the reaction is one of addition. 

(3) Hydrazine reacts readily with cyanic acid to give semicarbazide (see 
page 273) : 



H 2 N— NH 2 + HNCO H 2 NC— NH— NH 2 

The formation of urea from ammonium cyanate has already been noted 
(page 270). The reaction resembles that with hydrazine. 

Phenyl and a-naphthyl isocyanates are used to identify alcohols and 
amines, with which they form ureas and urethans as indicated here. 

Ketenes 

JCetenes are highly reactive compounds, which are derived from acids 
in the same sense that olefins are derived from alcohols, i.e., by loss of H and 
OH from adjacent carbon atoms: 

H O 

HC— C H 2 O + CH2=C=0 Ketene 

„..i, \ 

iHj jOHj 

See footnote, page 306. 
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While ketenc may be made directly from acetic acid by heating it to 500®, 
other methods of preparation are better. 

Preparation. Some ketones may be prepared from a-halogeii acyl halides 
by the action of zinc: 

/' 

(CH3)2('- + Zn ->ZnBr 2 + (CIl3)2C=-C==0 

Br Diinethylkcicne 

Ketene itself is formed in reasonable yield when acetone is j)assed through 
a heated tube: 

A 

CHa— C— CHs CH 4 + CH2=C==t) 

The Ketcnes are divided into aldokctenes, RCHC=0, and ketoketenes, 
R2C=C=0. Ketene itself is a poisonous, colorless gas. Aldoketcnes 
are in general colorless licjuids of unpleasant odor. The ketoketenes are 
colored yellow or n^d. Due to the great unsaturation of these compounds 
they display an unusual actively. Aliphatic representatives, especially 
aldoketenes, polymerize with extreme ease. Oxygen (air), water, alcohols, 
amines, acids, halogens, Clrigiiard reagents, etc., enter into reaction with 
the ketenes. 

Reactions. In their reactions the ketenes resemble the isocyanates. 
This forms the basis for inserting this material here. This likeness will be 
seen by inspection of the comparative reactions indicated in the following 
equations : 

mo H 

CH^N=C=0 > CHi^N— C— OH 

CH,OII H 

CHir-N=C==0 > CH^N— C— OCHs 

NH, H 

CH»— N=C==0 » CH,— N— C— NH* 

HjO 

CH*=C=0 > CHj— C— OH 

CJInOH 

CH 2 — C==0 ^ CHg — C — OCsHii 

NH, 

CH*=C=0 > CHr-C— NH* 

Diketene (acetyl keten e) , 11 2 C f 1 1 2 * 

I ' ^ 

O— c=0 

* The structure of diketene is still uncertain. See J. Am. Chem. Soc., 66, 1677 (1948). 
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a dimer of ketene formed by polymerization, is of interest, since its reaction 
with an alcohol gives an ester of acetoacc^tic acid. This is a commercial 
method of preparation. 


O O .. 

II H 11 H, 

CH,- C-C--C-0 + EtOH -> CIl,— C— C— C— OEt 


Ethyl 

acetoacetate 


The important compound acetoacetanilide is formed by addition of aniline. 
This will be discussed later in connection with Hansa dyes. 

Carbon Suboxide, C 8 O 2 , obtained when malonic acid is dehydrated with 
phosphorus pentoxide, is a typical ketene. This is a poisonous, colorless 
gas, which easily polymerizes to a solid. The substance shows great chemi- 
cal activity as would be expected in view of its unusual structure. 


Preparation. 


HsC 


\ 


C— OH 


Oil 


C— OH 

V) 


/• \ ! 

O 

\ /OH 
C 


/ 


o 


PA 

H > 2 H 2 O + C 

\ 


c 


H 


\ 


O 


Carbon 

suboxide 


Fulminic Acid 

Fulminic acid, HONC, has interest in connection with the history and 
development of organic chemistry. Silver fulminate was prepared and 
analyzed in 1823 by Liebig, who found that it gave the same analytical data 
as silver cyanate. After a short period of indecision the fact was accepted 
that two different compounds can have the same molecular formula, and 
the name isomerism was coined by Berzelius to apply to such cases. 

Today interest in fulminic acid centers in the mercury salt, which is 
highly explosive and is used as a detonator in cartridges and in large guns. 
It can be fired either by shock or by heat. It is made from action of nitric 
acid and ethyl alcohol on mercury, as when first made in 1800. Free 
fulminic acid is a very poisonous gas (?) which quickly polymerizes. It 
smells like HCN. 


Thiocyanates and Isothiocyanates 

Thiocyanic acid and its inorganic salts are well known. This acid, like 
cyanic, exists in several isomeric forms: 


JI — g — C^N Thiocyanic acid 

H — ^N=C=S Isothiocyanic acid 
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Inorganic thiocyanates are obtained from cyanides by addition of sulfur 
as cyanates are produced by addition of oxygen. The salts of HNCS are 
not known but organic derivatives can be made. 

Thiocyanic acid, made from the potassium salt by the action of sulfuric 
acid, is a gas which very quickly polymerizes, forming a yellow solid. 
The organic thiocyanates have the type formula R — S — C = N. These are 
oily liquids with a somewhat garlic-like smell. They may be prepared by 
a method like that used to obtain the alkyl cyanides: 


C2H5 |r+~K| — SCN 


KI + C2H5SCN 


Ethyl thiocyanate 


or tht'y may be prepared by the action of a mercaptide upon a cyanogen 
halide : 

CallsSlNa + nj— CN NaCl + C2H6SCN 

This synthesis forms a proof of the structure of thiocyanates. Thio- 
cyanates on reduction yield thioalcohols and hydrogen cyanide: 

Redn 

CII3S— CN > CHsSH + HCN 

211 


Their oxidation gives sulfonic acids: 

Oxid 

CH3S— CN ► CHsSOsH, etc. 

HNO, 


This reaction gives a second proof of structure. 

When thiocyanates are brought to a high temperature they rearrange to 
isothiocyanates : 

IlSCN RNCS 


Isothiocyanates. These have the type formula RNCS and are called 
mustard oils because the allyl compound, CaHs — NCS, is contained in mus- 
tard seed. The well known odor and taste of mustard are due to this com- 
pound. Other plants contain mustard oils. 

Preparation. (1) By rearrangement of the corresponding thiocyanate, 
induced by heat: 

180° 

CH3SCN > CII3NCS 


(2) From disubstituted thioureas by the action of an acid: 
Si 


R— N— C 


-NR + HCl RNH2HCI + RNCS 


H H 


It is interesting to note that while the reduction of a thiocyanate yields a 
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thioalcohol, the reduction of the isomeric isothiocyanate leads to the forma- 
tion of an amine: 


Redn ^ 

C2H5NCS lie - H + CsHsNH^ 

411 

Thioformaldehyde Ethylamine 

In each case these products would have been predicted from the structures 
presented for these compounds, i.c., the reasoning which established their 
structures rests upon these and similar reactions. 

Mustard oils react with alcohols and amines as indicated for the iso- 
cyanates. They yield iAiourethans and thicmrens in this way. 

Cyano(;en 

The organic compounds considered in this section (cyanides, isocyanides, 
etc.) are derivatives of cyanogen (CN) 2 ,* which merits momentary con- 
sideration for this reason. Cyanogen is a colorless gas, soluble in w^ater and 
quite poisonous, with a pungent odor. It burns in air with a violet flame. 
Preparation. (1) It may be prepared by heating mercuric cyanide: 

11 cat. 

Hg(CN)2 >Hg+ (CxN)2 

(2) It is also made by heating ammonium oxalate, or by dehydration 
with P 2 O 6 . 

Heat Heat 

C— ONH 4 - -> II/) + ( — NH 2 IlaO + CN 

I I’sOs I P2O4 I 

C— 0 NH 4 < C--NH2< CN 

\q ICO Xq H2O 

Ammonium Oxamide Cyanogen 

oxalate 

This reaction is reversible. The relation of cyanogen to oxamide and 
ammonium oxalate is the same as that between any organic nitrile, amide, 
and ‘ammonium salt. (See page 280.) 

Reactions. With alkalies cyanogen reacts as would a halogen : 

CI 2 -f 2KOH H 2 O + KCl + KOCl 

(CN)2 + 2KOH H 2 O + KCN + KOCN 

The derivation of cyanates and cyanides from cyanogen is shown in this 
equation. 


* They may also be considered as derivatives of HCN, 
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Derivatives of Cyanogen 
Cyanogen chloride (see page 286 ). 

Cyanamide, H2N — CN, has the structure of carbamic acid nitrile 
It is a white hygroscopic solid, soluble in water, alcohol, and ether. Its 
formation from cyanogen chloride and ammonia is shown on page 286 . 

Its calcium salt may be made from calcium carbide by heating in nitro- 
gen gas in presence of lime: 

looo" 

CaCy'> ^2 " ' ^ C- -|- C *( 'N" 

Both hydrogens of the aniino group are replaceable by metal; the CN group 
like C— O renders hydrogen on adjoining nitrogen or carbon acidic. 

Addition reactions of cyanamide are typified in the following examples. 

(1) Addition of am/monia: 

IlaNC^N + NII3 HaNC—NH Guanidine 

I 

NH2 

(2) Addition of hydrogen sulfide: 

H2NC = N + H2S H2N— C=NH Thiourea 

SH 

Treatment of thiourea with mercuric oxide yields cycanamide. This is a 
good method of preparation. 

(3) Addition of alcohol: 

H2NC = N + BOIT — > II2N — C=NH Alkyl isourea compound 

in 

(4) The hydrolysis of cyanamide yields urea: 



H2N CN + H2O H2N— C— NH2 

and finally carbonic acid and ammonia, if hydrolysis is continued. 

Calcium cyanamide by its hydrolysis gives ammonia and calcium 

CaN CN + 3H2O -> 2NH3 + CaCOs* 

Calcium cyanamide is used as a fertilizer (“Nitrolime”), giving both 
ammonia and lime to the soil. Since it can be made from atmospheric 
nitrogen (see equation above) we have here a means of transferring nitrogen 
from the air to the soil and thence to growing plants. 

* In the soil, calcium cyanamide decomposes in other ways than shown here, liberating 
cyanamide (which hydrolyses to urea) and other products. 
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Table 25 . — Data for Hydrogen Cyanide and Derivatives 


Name 

Properties 

Inorganic 

salts 

Organic 

compounds 

Hydrolysis 

yields: 

Reduction 

yields: 

Hydrogen Cy- 
anide» HCN 

Weak acid, K 
= 13 X lO-i®' 
M.p., - 14 " 

B.p., 26 ° 

Tautomeric. 

PoLsonous. 

Known 

Nitriles, isoni- 
triles 

Formic acid 

Methylamine 

Fulminic add, 
HONC 

Not known 
free. Poison- 
ous, odor of 
HCN. 

Known 

Vnknown 

Formic acid, 
hydroxyl- 
amine 

' 

Cyanic acid, 
HOCN 

Strong acid, un- 
stable, poly- 
merizes. 

Known 

I'liknown 

Ammonia, car- 
bon dioxide 


Isocyanic add, 
HN ('0 



IscH’yanates 

Ammonia, (car- 
bon dioxide 


Thiocyanic acid, 
HSCN 

Gas, stable 
only below 0®. 
Strong acid. 

Known 

Thiocyanates 


Thioalcohol, 

H(\N 

Isothiocyanic 
add, HNC:S 

Tautomeric 


Mustard oils 


Thioformal- 
dehyde, amine 


Table 26 . — Cyanides and Related Compounds 


Names 

Formula 

M.p., 

°C. 

M.p., °C. 

Sp. g. 

.Hydrogen cyanide 

HCN 

-14 

26 

0.697““ 

Methyl cyanide. Acetonitrile 

CHgCN 

-41 

81.6 

0.783®®“/*“ 

Ethyl cyanide, Propanenitrile 

CgHgCN 

-91.9 

97.1 

0.783““''«’ 

Methyl isocyanide, Methylcarbylamine 

CHgNC 

-45 

59.6 

0.766*’ 

Ethyl isocyanide. Ethyl carbylamine 

CaH^NC 

<-66 

78-9 

0.744““ 

Methyl isocyanate 

Ethyl isocyanate 

CHgNCO 

C2H5NCO 

CHgSCN 


43-5 

60 

0.898 

Methyl thiocyanate 

-51 

130-3 

1.069**’/*“ 

Ethyl thiocyanate 

CgHgSCN 

-85.5 

14^766 mm. 

0.906**^/*“ 

Methyl isothiocyanate. Methyl mustard oil 

CHgNCS 

85-6 

119759 mm. 

1.069”“/*“ 

Ethyl isothiocyanate. Ethyl mustard oil . , . 

CzHsNCS 

- 5.9 

131-2 

1.004““/*“ 

Cyanogen 

C2N2 

-34.4 

-20.5 

o.oee-**” 

Cyanogen chloride 

CNa 

- 6.5 

12.5-13 

1.222®“ 

Cyanogen bromide 

CNBr 

52 

61 

2.016*®“/^ 

Cyanamide 

CNNH2 

44-5 

14()lfl mm. 

1.078*®“/*’ 
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Nitro Compounds 

As was shown on page 199 the reaction of silver nitrite with an alkyl 
halide gives a nitro compound. A methyl halide gives a good yield of 
nitromethane; with hiilides of larger radicals the yield of alkyl nitrite is 
considerable. A more practical method for the preparation of nitroparaffins 
is the momentary treatment of paraffins with nitric acid at temperatures 
near 400°C. At this high reaction temperature both nitration and pyrolysis 
take place; the exact course of the reaction is not known with certainty (see 
Reference 9, page 300). The ease of replacement of hydrogen by nitro 
group is in the order; tertiary > secondary > primary. 



Fig. 34. — Production of crystalline nitroparaffin derivatives. {Courtesy of Commercial Sol- 

vents Corporation,) 


Nitromethane is not obtained by direct nitration of methane; it is, how- 
ever, a product of the nitration of ethane or propane. It may also be had 
from the action of sodium nitrite upon sodium chloroacetate: 

NaNOj -f ClCHjCOONa NaCl + 02NCHsC00Na 
OsNCHaCOONa + Hs'O NaHCOs + CHsN02 Nitromethane 

The vapor phase nitration of ethane gives nitroethane (about 80%) and 
nitromethane (about 20%). Propane yields 1-nitropropane, 2-nitropro- 
pane, nitroethane, nitromethane, carbon dioxide, water, etc. 
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The aliphatic nitro compounds are pleasant-smelling, stable, colorless 
liquids, practically insoluble in water. Their boiling points are much 
higher than those of the isomeric nitrites. Mononitro compounds above 
nitromethane are not explosible. 

Reactions of Nitro Compounds 

( 1 ) Reduction to avimes. See page 305 . 

(£) Salt formation. Primary and secondary nitro compounds have 
respectively the following formulas: RCIT2NOa,R2CHN02.* In each of 
these types the hydrogen adjacent to the nitro group is active (as in those 
cases in which we have an adjacent carbonyl group). These nitro com- 
pounds will form salts with a strong base: 

RCHsNOs + NaOIT H2O + [RCTIN()2]-Na+ 

( 3 ) Action of a strong acid. A primary nitro compound when heated 
with a strong mineral acid undergoes a compl(\v reaction the products of 
which are an organic acid and a hydroxylamine salt: 

Acid 

CH3CH2CII2NO2 + H2O ^ CH3CIl2C()()H + Nll2()TI (Salt) 

( 4 ) Formation of nitrohydroxy compounds by reaction of nitro compounds 
with aldehydes in presence of a base. 


KIK’Os 

RCH2NO2 + R'CIIO > R'CII()HCH(R)N02 

( 5 ) Additional reactions, (a) The reduction of the nitrohydroxy com- 
pounds gives ami nohydroxy compounds. 

CHs CTIg 


CH3 


-i-c 


Redn 


CH2OH 


2H2O + CHs— C --CII2OH 2 -Amino- 


NO2 


ou 


NH2 


2 -inethyl- 
1 -propanol 
(Emulsifying ageul, 
intermediate in 
synthesis) 


(b) The nitro alcohols yield esters in the customary way. 

NO2 

CII3CII2— ( — CH2OH + CH3COOH II2O + 

H 

NO2 O 

CHsCHs— C— CHsoi— CHs 

H 

2-Nitro-l-butyl acetate 


* For structure of the nitro group, see page 445, 
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(c) Salts of primary and secondary nitroparaffins react with an excess 
of mineral acid to yield aldehydes and ketones, respectively, in good yield. 
2RCH:N(~> 0)()Na + 2 II,S 04 2 NaHS 04 + N 2 O + H 2 O + 2RC:H0 

Uses. The nitr(){)araHins are useful solvents for shellac, rubber, and 
cellulose derivatives, and in addition are relatively non-toxic and less 
inflammable than some lacquer solvents now in use. It is expected that 
they will be widely used as solvents. Because of the large number of reac- 
tions possible to the nitroparaffins there is little doubt of their wide use as 
intermediates in chemical synthesis. See Reference 14, page 300. 


Tabt.e 27 . — Ai.iphati(j Nitko C’ompoitnds, Etc. 


Name 

Formula 

M.p., 

B.p., 

°C. 

3p.g.. 

20720 *" 


( HsNOa 

- 20 

101.2 

1 . 139 

Nilroethane 

( jlUNOj 

- 90 

114.0 

1.052 

l-Nitropropane 

( oIlsCHjXOj 

-108 

131.6 

1.003 

2-Nitroproparie 


- 93 

1 120.3 

0.992 

0 V! : f v/v-i _Uiit 41 Til ii 

<:'3H6CH(N02)('Il2()II 

; - 47 

105 


11 1 1 LPII *■ **^*''J^ • ...... ......... 


j lo -48 



2-Nitro-2-methyl-l-pr()pam)l . . . 

(■1I3C(('1I.,)(N(K)<H2()11 

1 90-91 

94 . 5 9.5 . 5 


2- Amino-l-butaiiol 

(JliClHNIhlCHjOlI 

! - 2 

178 

0.944 

2-Amino-2-mcthyl- 1 -propanol 

<'H3('(f'Il3)(NH2)(Hi.()ll 

I 30-31 

165 

0.934 


REVIEW QUESTIONS 


1. Write equations showin#? the synthesis of acetonitrile from: («) MeOH; (h) Acetic acid. 

2. Indicate by the use of equations three different methods of preparation of propanenitrile. 

3. Under what conditions would propanenitrile yield: 

(a) Propionic acid; 

(b) Propionamide? 

4. Make a chart showing the relationship of Methyl cyanide, Ethylamine, Acetamide. Acetic 


acid. Acetaldehyde. 

5 , Write parallel equations for four reaction.s of H(.N and Methyl cyanide which .show that 
these compounds belong to the .same class. 

0. Write equations showing the methods of obtaining primary and secondary amines from 


nitriles and isonitriles. 

7. Show by equations the synthesis of: (a) Propyl-N-methylurethan; (b) Lthylurea. 

8. Summarize by the use of equations the mode of preparation of cyanides, isocyanides, 

isocyanates, thiocyanates, and isothiocyanates. 

9. How has the relative position of the sulfur atom in thiocyanates and isothiocyanates been 

determined.^ 

10. In what rc.specLs is the chemistry of cyanogen similar to that of: (a) Methyl cyanide? 

(b) Chlorine? 

11. Summarize in equations the synthesis and reactions of calcium cyanamide. 

12 . What reactions of organic compounds may be used to convert nitrogen to ammonia? 

13. How might cyanogen be obtained from ammonium oxalate? How does this synthesis 

help to establish the structure of cyanogen? 

14. Show how it is possible to synthesize acetic acid from methyl alcohol by methods given in 

this chapter. . a 

15. Why does the presence of either base pr acid speed the hydrolysis of a nitrile? 
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16. What reactions given in connection with HCN favor the nitrile structure for this compound 

rather than the isonitrile structure? 

17. What is the valence of carbon in the older formula for isocyanides? What is the valence 

for carbon in the modern formula? 

18. Fill in the blanks below with names of the proper compounds: 


yRcid chloride, 
/^monoamide . 
Carbonic acid<y<^ 

N^diamide 

'^nitrile 


19. What is the relationship of cyanamide to carbamic acid? to cyanogen chloride? 

20. Should potassium cyanide be written KN(’ or Kf'N? Why? 

21. Is the name cyanamide a rational one for the compound it represents? Why? 

22. Write equations showing reactions of methyl isothiocyanate with ethyl alcohol and with 

ethylainine. 

2S. Suggest a method of separating a nitrile from the corresponding isonitrile. It is per- 
missible to destroy either compound. 

24. Show the synthesis of a nitrile from another organic compound by a iiudhod whicli: (a) 

Lengthens a carbon chain; (b) Does not lengthen the carbon chain. 

25. List the physical properties which distinguish a nitrile from an amide; from an isonitrile. 

26. Discuss the use of isocyanates in the identification of alcohols and primary amines. 

27. Write two equations for the preparation of semicarbazide. For what may this compound 

be used? 

28. What product might be formed by the action of cyanic acid upon semicarbazide? 

29. Show by the use of equations four different methods for increasing the length of a carbon 

chain. 

30. Show by the use of equations three different methods for removing one or more carbon 

atoms from a chain. 
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CHAPTER XVI 


AMINES 


When studying the acid amides we noted that these compounds are 
ammonifi derivatives. They represent ammonia with one or more of its 
hydrogen atoms replaced by acyl groups: 


II 

\ 

N-H 

/ 

H 

Ammonia 


H 

H 


, /' 

N— C— (^II 


3 


Amide 


Tlie amines are also ammonia derivatives; they are C, H, N, compounds 
obtained from ammonia by replacement of one, two, or three of its hydrogens 
by alkyl groups. In this way the following types of compounds arise; 


H 

\ 

N— R 

/ 

H 

R 

H— 

\ 

R' 


H 

\ ^ 

II — N Mother substance 

/ 

/ 

H 


Primary amine — one hydrogen rejjlaced. 


Secondary amine — two hydrogens replaced. 


R 

N— R' 

V 


Tertiary amine — all hydrogen replaced. 


The designations primary, secondary, etc., have already been used in 
naming in other series. The student will recall, for example, that in the 
primary, secondary, and tertiary alcohols we find one, two, and three 
hydrogens, respectively, of methyl alcohol replaced by alkyl groups (see 
page 95) 
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Since the alkyl groups may be either the same (simple amine) or different 
(mixed amine), the secondary and tertiary amines display metamerism, 
as is shown by the following examples of amines, all of which have the 
molecular formula CellisN. 

Metameric Amines, CsHisN. The method of nomenclature is illus- 
trated in the naming of these compounds. 

(Ha 

H II 1 II 

HC-C-C C— NH2 (CiHOaN 

II H I II Triethyl- 

CII 3 amine 

2,2-I)imethyl- B.p., 89.5° 

biitylamine 
B.p., 113° 

H H H H 

HC— (^— C CNHs (C3ll7)>NH 

H H I II Diisopropyltitnine 

C2H5 B.p., 84 ° 

2-Ethylbutylamine 
B.p., 125.3° 

Distribution of carbon atoms in short chains lowers the boiling point in this 
series as with the alcohols and other series (note the exhibit above). 

Occurrence. Amines and their derivatives are well distributed in 
nature. Methyl- and ethylamine are found in herring brine. Trimethyl- 
amine is found in this source, and is also obtained from distillation of the 
molasses residues from the beet sugar industry. The di- and tri-methyl - 
amines result from decay of fish. 

Physical Properties. Methylamine, dimethylamine, and trimethyl- 
amine are gases, quite water-soluble, the first having strong ammoniacal 
odor, while the last two may be said to have a ‘‘fishy” odor. They are 
infiammable. Since the compounds derive from ammonia and hydro- 
carbons, we would expect them to have low density; such is the case. 
Higher amines are liquids or colorless solids. They show decreasing solu- 
bility in water with rising molecular weight. 

Basic Character of Amines. The resemblance of the amines to ammonia 
is more than formal. Methylamine cannot be told from ammonia by 
odor; it fumes with hydrogen chloride as does ammonia, is exceedingly 
soluble in water, forming thereby a solution which is alkaline to litmus, and 
which precipitates the hydroxides of metals.* The solution neutralizes 
acids, forming water-soluble salts, similar to the corresponding ammonium 
salts. All of these properties are common to ammonia. A review of the 
chemical reactions in the following sections shows still further likeness 
between amines and ammonia. The amino group is very important in 

* Methylamine was first made by Wurtz in 1848. It was distinguished from ammonia by 
reason of the fact that it burns in air. 


C6H,3NH2 
w-Hexylamine 
B.p., 128-30° 
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organic chemistry, imparting desirable qualities when properly combined 
with other functions. Many compounds important in biochemistry are 
derived from amines. Physical properties of members of the various types 
are shown in the following table. 


Table 28.— Primary, Secondary, and Tertiary Amines 


Name 


Formula 


M.p., 


Ammonia 

Methylamiiie 

K thy la mine 

Propylamine 

Isopropylamine 

Butylamine 

fsobulylamine 

Sec. Butylamine 

Tert. Butylamine. . . . 

Amylamine 

Isoamylamine 


Nila 
(HaNH, 
r.HsNH., 
( 3H7NII2 


(\,n9NH2 

Me2CH(’H2MI. 

KtMeCHNll. 

MeaC’Ml. 

< hUnNlI* 


- 77.7 

- 92 5 

- 80.6 
- 88.0 
- 101.2 

- 50.0 

- 85.0 
-104.0 

- 07.5 

- 55.0 


Sec. Amylamine 

Tert. Amylamine. . . . 

Ilexylamine 

Heptylamine 

Dimethylamine 

Diethylamine 

Dipropylamine 

Diisopropylaniine. . . . 

Dibutylamine 

Diisobu tylam ine 

Diisoamylamine 

Trimethylamine 

Triethylamine 

Tripropylamine 

Tributylamine 

Triisobu tylam ine. . . . 
NU4OD 


Nil. 

PrMe( HNH. 
MciEtC^NlI. 

( r.lb«NH. 

( TlluNlb 
IVIe^NH 
KtiNTI 
PraNH 


Bu.MI 


MeaN 

Kt»N 

PraN 

Bu«N 


-105.0 

- 19 

- 28 

- 90.0 

- 88 9 

- 39.0 


- 70.0 

- 44 
-124.0 
-114.8 

- 93.5 


- 21.8 


B.p.. 

°<'. 

j’p- g-. 

lit. of 
comb. 

K of ionization 

— 33.4 

0.817'^'’ 


1,82 X 10-5 
6.4 X 10-5 

- 0.5 

0.099-11 

256 . 1 

+ 10.0 

o.o8»;j 

408.5 

5.6 X 10-4 

48.7 


QO 

4.7 X 10-5 

83-84 

0 . 6941 '’ 



77.8 

0.7402& 

710.6 


08-9 

0 . 730 

718.6 

3.1 X 10-5 

60 

0 . 724 

718 

4.4 X 10-4 

45.2 

0 . 690 

710 


104 

().700i« 



95 

0.75118 

867 

5 X 10-5 

91-2 

0.749 



77-78 

0.7312^> 



128 

0.7032‘^ 

1022 


155.1 

0.777 

1179 


7.4 

|0.080'* 

417 

4.9 X 10-5 

50 . 0 

0.7121J 

716.9 

1 . 26 X 10-5 

110.7 

0 739 


1 .02 X 10-5 

84 

0.72222 


159 

188.8 

0 

1348 

4.8 X 10-5 

190 

0.767 

1660 

9.6 X 10-5 

3 5 

0.002-^2 

578.6! 

7.4 X 10-5 

89.5 

0.729^2 

1087 

6.4 X 10-5 

156.5 

0.757 


5 . 5 X 10-5 

216 

0.7782s 



191 .5 

0.76426 

1974 

2 . 6 X 10-5 
1.1-1.4X10-5 





Preparation of Amines 

(1) The primary amines are formed: 

(a) By treatment of an alkyl halide with ammonia, vjither free or in a 
solvent. When free ammonia is used the materials must be heated in a 
sealed container. (Hofmann, 1851.) 

H 

CijHrJ + NH3 C 2 H 6 NH 2 Ethylam monium iodide, 

I EthylamJne hydrolodide 




304 


TEXTBOOK OF ORGANIC CHEMlSTRy 


H 


CaHeNH* + NHj 

i 


NH4I + C^IlsNIIa 


Ethylaminc 


The reaction represents a competition between ammonia and the amine 
for possession of the hydrogen iodide. Ammonia is present in larger 
concentration than the amine and the reaction, wliilc reversible, has its 
equilibrium point to the right. Amines are easily produced from such 
salts as ethylammonium iodide by treatment with a base. The isolation 
of the amine depends upon its properties. If a water-soluble liquid or gas, 
it may be distilled or steam distilled, or it may be extracted by an immiscible 
solvent; if the amine is insoluble in water (one of the higher amines) extrac- 
tion is in order. 

The reaction as initiated at (a) also gives secondary and tertiary amines 
by further action of the alkyl halide: 


H 

/ 

CsIIiiNHa + C2H6I — > (C!!H 6 )jNIT Dictliylammonium iodide 

I 

II 

/ 

(C2Hi,) 2NH + NHs ^ NH4I + (C2ll5)2NII Diethylarnine 

\ 


Also: 


H 


(C2H5)2NH + C2H5I (C2H5)3N Triethylammonium iodide, etc. 

i 


The final product of this reaction is a tetraalkyl salt, ((]2H6)4NI. Theo- 
retically it appears simple to produce any type of amine by stopping the 
reaction at the proper point, but practically one obtains a mixture of all 
three types, primary, secondary, and tertiary, together with the tetraalkyl 
salt, which must then be separated. The action resembles the chlorination 
of methane, which gives a mixture of all the possible chlorination products. 
The mechanism of ihe reaction will be discussed later. 

In commercial practice this method of preparation is successful because 
of the high efficiency of industrial distillation apparatus which permits a 
fairly clean separation of the amines. (There are also some instances in 
which the mixture of amines fulfils a useful purpose.) Alkyl chlorides are 
used in industry to make the amines as they cost less than the bromides or 
iodides. 
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It has recently been shown that liquid ammonia gives a much better 
yield of primary amine in this reaction than does an aqueous or alcoholic 
solution. The yield of primary amine increases with increase of molecular 
weight of the alkyl halide used, while the yields of the other types of amines 
fall oflf correspondingly. It, is possible that this will become an important 
method of making primary amines. 

(b) The following methods are better than (a) as they do not yield 
mixtures of amines. They involve the reduction of various nitrogen 
compounds. 

Nitroparaffin : 

Rcdn 

RNO2 > + RNHa 

CH 


This method is more often used in the aromatic series than in the 
aliphatic, but as more aliphatic nitro compounds become available (see 
page 297) the reaction should gain importance in this series also. 


Aldoxime : 


*Ketoxime: 


H 

RC--NOH 


Hedn H 

> II 2 O + \lCmi 2 

4II H 


R 


^C--NOH 

/ 

R 


Kedn 

>• HsO + 


111 


K 


\II 

C— NHs 

/ 

R 


Oxime reduction is a very useful metho<l for the production of pure amines. 
As reducing agents one may use zinc and acid, iron and acid, sodium and 
alcohol. 


Nitrile: 

Redn H 

RCN > RCNH 2 (Meiidius method, 1862) 

4H 11 (see page 285) 

High molecular weight primary and secondary amines are produced in 
industry by catalytic reduction of nitriles made by the action of ammonia 
upon fatty acids. Octadecylamine, for example, is made from stearic acid, 
a saponification product of fats. The long-chain amines have many uses 
(flotation agents, sterilizing agents, antioxidants). 

(c) Primary amines are obtained by the treatment of an amide having 
one more carbon than the desired amine, with bromine and potassium 
hydroxide. (Hofmann’s reaction.) 

CHa — C — NH 2 + Br 2 + 4KOH 2EIBr + K 2 CO 3 + 2620 + CH 8 NH 2 



306 


TEXTBOOK OF ORGANIC CHEMISTRY 


The reaction takes place in several steps. 

(Step 1 ) Bromine replaces hydrogen of the NH 2 group, forming a 
bromoamide: 

Br, 

CHj— C— NH 2 » KBr + H 2 O + CHs C - N— H 

KOH \ 

Br 

N-Bromoaceiainide * 


(Step 2) The bromoamide on heating with alkali loses TIBr, and re- 
arranges to the isocyanate: 


CHs— ( — N - II + KOH 

(*) \ 

Br 


KBr + II. 2 O + CII 3 N=C ==0 

Methyl isocyanate 


This rearrang(‘iTient, commonly calle<l the Hofmann rearrangement, has 
been studied for many years, and a number of theories have been proposed 
to explain it.. The majority of these have assumed that in such a rearrangcv 
ment the alkyl or R group parts company from the carbonyl carbon and 
exists for a tim(^ as a free radical. Recent work tends to show that this 
may not be true, and that the R group simultaneously gains attachment to 
nitrogen, and loses attachment to carbonyl carbon (marked with a star), 
without at any time being free. 

(Step 3) Hydrolysis of the isocyanate yields the •amine and carbon 
dioxide : 


CH3— + 2KOH K2CO3 + CHgNHat 

The Hofmann reaction forms the most practical laboratory method for 
the synthesis of primary amines, J utilizing cheap and available materials, 
giving good yields of amines. 

(d) Primary amines arc also produced in the Gabriel reaction (see 
page 537). 

(e) When the vapors of methyl alcohol and ammonia are passed over 
thorium oxide at 325-330°, about one-third of the alcohol is converted to 
methylamine. Higher amines may be made in the same way from their 
alcohols. The process yields a mixture of primary, secondary, and tertiary 

* The capital N in the name signifies the attachment of the bromine to nitrogen. 

t We see by this equation that a primary amine may be made by the hydrolysis of the 
corresponding isocyanate when this is available; the Hofmann reaction combines the formation 
and decomposition of the isocyanate. 

t The amides of acids having more than five carbon atoms yield nitriles having one less 
carbon atom. By adding an extra step to the reaction, the desired amines may be obtained. 
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William II. Pbbkin. (1838-1907, Eng- 
lish.) After his accidental discovery of 
mauve in 1856, Perkin was for some time 
engaged in its commercial production. 
His interest in research continued and is 
manifested by the well known Perkin 
reaction, the synthesis of coumarin, a 
synthesis of alizarin. Sec ./. Soc. Cliem. 
ImL, 26 , 858 (1907), ./. Chem. Soc. 
([.ondon), 98 , 2214 (1908), Harrow, 

Eminent Chemists of Our Time (Van 
Nostrand, 1927 , pp. 1, 241), hid, Eng, 
Chem, (News Edition), 16 , 608 (1938); 
also this book, page 682. 




James M. Crafts. (1839-1917, Ameri- 
can.) Crafts’ work was divided between 
America and France. The Friedel-Crafts 
.synthesis was developed in Paris. He 
worked w'ith organic silicon compounds, 
density of halogens at high temperatures. 
He w^as head of the chemistry depart- 
ment, later president, of the Massa- 
chusetts Institute of Technology. See 
J, Chem. Education^ 5, 911 (1928), ibid.^ 
13 , 551 (1936); also Thomas, Anhydrous 
Aluminum Chloride in Organic Chemistry, 
Reinhold Pub. Corp., 1941; this book, 
pages 405, 575. 


Journal of Chemical Education, 
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amines. Another synthesis of methylamine is from formaldehyde and 
ammonium chloride: 


A 

mciio + N1I4C1 HCO2H + CII3NH2HCI 


( 2 ) Secondary amines are formed when alkyl halides react with ammonia, 
but this reaction is not a practical one for their preparation. Another 
method for their formation involves the use of aromatic compounds and will 
be taken up later (page 467). See also Reference 16, page 320. 

(3a) Tertiary amines can be made by treating ammonia with an excess 
of an alkyl halide, subsequently with a base (page 304). 

(b) A cheap synthesis of trimethylamine involves heating of a mixture 
of trioxymethylene and ammonium chloride: 

A 

3(IICH0)3 + 2NH4CI 3CO2 + 3II2O + 2(CH3)3N TIC1 

(c) The tertiary amines form when tetraalkylammonium salts are 
heated : 


(CH3)4NC1 -1 ClIsCl + (CH3)3N 


As we shall see later (page 312), tertiary amines may in some cases arise from 
the action of heat upon tetraalkylammonium hydroxides. 


Reactions of Amines 


The reactions of all three types of amines are suflSciently alike to allow 
their presentation in one section. Such differences as we shall find depend 
in most cases upon the number of ammonia hydrogens which remain in the 
compound, and are easily understood. 

(1) Reaction with acids. Amines act like ammonia toward acids, 
forming salts by direct addition: 


II 


+/ 

HNH 2 + IICl IINH 2 

\ 


Cl- 


H 


CH8NH2 + HCl CHs— NH2 



Ammonium chloride 


Methylammonium chloride, or 
Methylamine hydrochloride. 


The hydrochlorides and nitrates of amines are quite soluble in water; thus 
amines which are themselves insoluble in water may be brought into solu- 
tion by the use of dilute HCl or HNOs. Treatment with a base regenerates 
the amine in all cases. 
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The ability of ammonia and amines to add reagents rests upon the 
possession of a lone pair of electrons by the nitrogen atom. A positive ion 
or group may add at this point, and in this way the ammonium or substituted 
ammonium ion is formed. The entire ammonium group becomes positive 
by virtue of the charge of the added atom or group. The fifth group or 
atom is held by eh^ctrostatJc attraction, but the four groups or atoms about 
the nitrogen atom have covalent bonds. 

H T 

II:N:II Cl”" Ammonium salt 
H 


H 

H:N: 

ii 


+ H+Cl- 


R 

R:N: +RCl-> 
R 


" R 

R:N:R 01“ 
R 


Substituted ammonium salt 


This type of reaction has been discussed before (page 126). 

(2) Action unth water. An amine adds water, forming a hydroxy- 
compound which, like ammonium hydroxide, is a base, ionizing in water to 
give OH"" ions. Bases formed in this way are stronger than ammonium 
hydroxide, and their strength reaches its maximum with the tetraalkyl- 
ainmonium hydroxides. Tetramethylammoniurn hydroxide, (CH 3 ) 4 N*Ori, 
may serve as an examine of these strong bases; it compares in strength with 
sodium- or potassium hydroxide.* 

As the hydroxides of primary, secondary, and tertiary bases, while 
stronger bases than ammonium hydroxide, are still quite weak, it seems 
unwise to give them structures like the following: 

r H ]+ 

R:N:H OH' 

H 


since such a structure implies a strongly ionized compound. We could use 
a structure like this for a tctraalkyl hydroxide: 


■ R 1+ 

R:N:R 

ii 

which, as said before, is a strong base. Since the only difference between 
the tetraalkyl base and the other bases is that the latter have hydrogen 
on the nitrogen and the tctraalkyl bases do not, chemists believe that this 
hydrogen is a bonding element between the nitrogen and the hydroxyl in 
the (largely) undissociated hydroxides of primary, secondary, and tertiary 
amines. 

R3_N— H OH Ra— N H— O— H t 

1 TI 


* Note the similarly constituted sulfonium bases, page 131. 

t From Taylor and Baker, Organic Chemistry of Nitrogen^ Clarendon Press, Oxford, 1937. 
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This type of union is known as a “hydrogen bridge” or “hydrogen 
bond.” There are otlu^r examples of this type of bonding (pages 127, 174). 
The two forms I and II shown above represent a case in which tlie phe- 
nomenon of resonance exists. That is, both structures are possible to the 
compound, and the actual structure is neither tlie one nor the other, but one 
intermediate between the two; a blending of the two, as it were. The 
phenomenon of resonance is widespread in organic chemistry and will be 
referred to again in other places. 

(3) Reaction with alkyl halides. As already stated, higher amines are 
formed, secondary from primary, etc. This reaction, as has been explained, 
involves addition of alkyl group to the lone pair of nitrogen electrons, 

II 

/ 

CII.,NIl2 + (Ui,I ((’11,) . Nil 

\ 

1 


The tertiary amines add alkyl halides to form quaternary ammonium salts: 

(ClbOaN + CII 3 I -- iClh),Kl 

Tclraniet hylainrnoniinn iodide 


Such salts are stable solids, simihar to the corresponding ammonium salts. 

(4) Reaction with acyl halides. Primary and secondary amines react to 
form substituted amides: 


.0 


n 


CH3— N— C— CHj -> IK'I + C^Hy— C N— CHs 

CH, .. n CH3 

\ , , 

N- H + (1— (W’H, HCl + CH3— C— N 

/ ‘ V 


CHa 


CHa 


The hydrogen chloride produced in this reaction forms the hydrochloride of 
the amine, hence one-half of the amine used is not acylated. When an 
acid anhydride is used this difficulty is avoided. The compounds formed 
by this reaction arc peculiar in that they combine the structures of amines 
and amides, since both alkyl and acyl group attach to the nitrogen. 

Tertiary amines, having no replaceable hydrogen on the nitrogen atom, 
react with acyl halides but do not yield stable compounds. 

An extension of the reaction with acyl halides, called the Hinsberg 
reaction, is used to identify and separate primary, secondary, and tertiary 
amines in a mixture. The acid chloride used belongs to the aromatic series; 
therefore the reaction is described in that portion of the book where these 
compounds naturally fall. 

(5) Action with nitrous add, a method of identification of amines. In 
performing this test, sodium nitrite is added to an acid solution of the amine. 
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Primary amines by this treatment yield nitrogen gas and the corresponding 
alcohol, both of which products arc easily identified, the former by inspec- 
tion and the latter by a suitable test. 

C JTo N -iHs + () 1 -“N N 2 + H 2 O + C 2 H 5 OH 

This reaction should be studied in connection with the reactions of nitrous 
acid with amides (page 228) and amino acids (page 238). These three 
examples will show that nitrous acid enables us to exchange NH 2 group for 
OH in any compound. * This method of making an alcohol is not a good one, 
however, on account of low yield. 

Secondary aniiiu's by action with nitrous acid yield compounds called 
uitrosamines (generally of a green or yellow color): 


CH., 


CHa 


(Ha 


[H + H()| ~ X -() HoO + - N =0 


y r 


Dimethyl 


The nitrosamiues are insoluble in wat(T and are therefore easy to recognize. 

Tertiary amines do not react with nitrous acid to give stable derivatives. 

(6) Carbylaniine reaction, Furtlu^r tests for the identification of amines 
will be found on page 777. An additional test for primary amines is the 
‘‘carbylaniine reaction,” which is performed by treating the amine with 
chloroform and alcoholic potash. An isocyanide is formed, having an 
unmistakable, intolerable odor. Secondary and tertiary amines do not 
follow this reaction. 


H 


Ale. 


CaisN Ha + CU C— C’l 


2HC1 + 


KOH 


H 1 

CalloNCCl 


Ale. 

, CallsN^C 

KOII 


(7) Reactions of the tetraalkyl salts and bases, (a) The tetraalkyl- 
ammonium bases may be formed from the salts by treatment with moist 
silver oxide (silver hydroxide) : 

(CH 3 ) 4 N 1 + AgOH “> Agl + (CH 3 ) 4 N 0 H 

(b) Action of heat on tetraalkyl salts and bases. Tetraalkyl chlorides 
yield a tertiary amine and alkyl halide on being heated: 

(CH 3 ) 4 N -(1 ^ (CH,,) 3 N + 01301 


This is merely a reversal of the reaction by which the salt was formed. 
Jhe alkyl halide liberated always contains the smallest alkyl group which 

* Methylamine does not yield methyl alcohol under the usual conditions. See Reference 
15, page 320. 
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was attached to nitrogen. Incidentally, this is a good way to make methyl 
chloride, as trimethylamine is available from a cheap raw material (beet 
sugar waste). Heating with HCl gives CHsCl. 

A 

(CH3)3N + 4 HC 1 > NII4CI + 3CH3CI 

Pressure 

A tetraalkyl hydroxide yields a tertiary amine and an alcohol: 
(CH 3 ) 4 N 0 H ^ (CH3)3N + CUsOH 

except in cases in which one of the alkyl groups has more than one carbon and 
is so constructed that it can form an olefin. For this it must have hydrogen 
on the carbon atom second removed from the nitrogen. In such a case 
the products arc tertiary amine, water, and an olefin: 

(C2H3)4N0H ^ (CoHrOsN + H3O + C2H4 

The largest alkyl grouj) is thrown off in olefin form in this type of decom- 
position. In cases in which an olefin cannot be formed, the group is expelled 
as an alcohol as in the first example. The ethyl group very easily gives 
ethylene, so that the largest group is not always eliminated (sec page 643 ). 

Going Up and Down a Homologous Series 

The reactions of the amines furnish methods of both adding carbons to 
and taking them from a chain, which may well be reviewed at this point 
(see also page 164 ). “Stepping up’’ — adding of one carbon atom, is accom- 
plished as indicated in the following series: 

PI* K( N Redn HNOg 

CH3OH CHsI > CHgCN > CH8CH2NH2 > CH3CH2OH 

“Stepping down” is carried out as shown schematically below: 

Oxid H Oxid NH, 

CH3CH2OH > CH 8 C ==0 > CHy— C— OH > CHa— C— NHs 

KOBr HNO2 

> CH3NH2 > CH3OH 

These two sequences have the advantage of simplicity, but the last step of 
each gives a poor yield. A better method is known for this step, too diffi- 
cult for presentation here. The series as shown run from “alcohol to 
alcohol,” but also indicate the sequence from “alkyl halide to alkyl halide/’ 
“acid to acid,” etc. 

Amides vs. Amines 

The differences between amides and primary amines comprise the 
following: 
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1. Axalnes are made from ammonia and alkyl halides, R — NH 2 . 

Amides are made from ammonia and acyl halides, R — C — NH 2 . 

2. Amines are not subject to hydrolysis, the nitrogen being firmly bc)und 
to carbon. Th(\y tend to add water to form ammonium bases. 

Amides hydrolyze to their acids and ammonia; the i)reseiice of the car- 
bonyl group loosens the attachment between carbon and nitrogen. 

3. With nitrous acid, amiii(\s yield nitrogen and an alcohol 

Amides in tliis reaction give nitrogen and an acid, 

4. Amines are alcohol dc'rivalives. 

Amides are acid derivatives. 

5. It may be noted that amines with acyl halidtjs give substituted 
anddesy while amides with alkaline hypobromite giv(i amines with one less 
carbon atom. To this extent the two classes are intercliaiigeable. 


I see page 316. 


Unsaturated Amines, Ammonium Compounds 

The unsaturated amines stand in the same relation to those already 
studied as ethylene, for instance, does to ethan(^ A f(‘vv examples of the 
more important substances of this class ar(‘ shown below. 

Vinylamine, C2IT3NII2. This is prepared from bromoethylamine and 
alcoholic potash : 

H 2 C CH 2 

KOIlin H \ / 

BrCIUCIIaNHs — > KBr + lUO + CTI 2 -CNH 2 N 

alcoliol H 

This compound shows the acklilivc proj>crtics of ethylene as its structiu’c 
predicts. With sulfurous acid the important natural substance, taurine, 
is formed : 

CH, (TI.,— NII 2 or CHa— Nils 

1 I + 

SO3H SO3- 

Taurine — found combined with 
cholic acid in the bile. 


H 

CH2=C— NH2 + H2SO3 


Neurine, or trimethylvinylammonium hydroxide: 

OH 

/ 

(CH3)3N 

^CH=CH3 

Neurine is prepared as shown in the following equation, from trimethyl 
amine and ethylene dibromide: 
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Br 

(CH,) 3 N + BrCHj— CHsBr -> (CH 3 ) 3 N^ + 2Ag()II 

\;H 3 — CHsBr 
Oil 

/ 

II 2 O + 2AgBr + ((1I3)3N 

\ 

O—CII2 

II 


Neurine is a natural product, found in putrefying meat. 

Choline, trimethyl-/3-hydroxyethylammoniuni hydroxide, can be made 
from water, ethylene oxide, and trimethylamine. It is found combined 
within the lecithins, substances which occur in animal tissues, especially 
in the brain. 


CHa— CH 2 — OH 

/ 

(CH3).,N 

\ 

on 

(’holino 


HO 

\ 

NfCHa)., O 

\ II 

CHs— CH 2 — O— (^- CH, 

Acetylcholine 


Acetylcholine. Choline is not biologically active (that is, not in the 
sense considered here) but its acetyl derivative has a powerful physiological 
eflFect. This compound is formed at the nerve endings of the voluntary 
muscles when there is “will to action/’* The amount of substance so 
released is of course very small, but apparently it is the cause of muscle 
contraction. 

The use of this substance in medicine is discouraged by its rapid hydroly- 
sis to the inactive choline. Derivatives of choline which have been studied 
may possess two conflicting actions in the body. Both effects are common 
to quaternary ammonium bases, but vary with the nature and disposition 
of the substituting groups. One, called the muscarine effect, involves a 
stimulation of nerve endings of involuntary muscle; the other effect, some- 
what antagonistic to the first, is termed the nicotine effect. 

Acetyl-/3-methylcholine chloride, mecholyl, 

Cl- O 

I H II 

(CH8)3NCH2C— O— C— CH3 Mecholyl 

+ CH3 


has been recommended for medical use because it has high muscarine action 
but very little nicotine effect. It causes slowing of heart beat, lowering of 
blood pressure, increased intestinal peristalsis. The compound is more 
stable than acetylcholine. 

* It also affects the sweat glands in cases of fright or shock, an action formerly thought due 
to adrenaline. 
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Neurine has physiological activity like that of choline, however much 
more pronounced. It is highly poisonous. Betaine (page 246) acts like 
choline when injected; taken by mouth it is inactive. 

Muscarine* Muscarine is a highly toxic constituent of the toadstool 
and certain other plants. A suggested formula is: 


IIO- 


C2H5 

HC^ 

/ \ 

HC OH 

/ \H 

N C=0 


III 

(C1I,)3 


MusJirooin poisoning is caused by muscarine and oilier compounds, possibly 
similar iu structure. 


DiAlMlNES, POLYAMTNES 

Diamines, such as ethylenediamine, IT2N — CH2 — 0112 — NH2, present 
no new points, either in tlieir preparation or properties. The formulas of 
several diamines of importance Jire: 

Putrescine, tetrairudJiylenediamine, 1,4-butanediaminc, H2N — ((^112)4 — 
NII2. This compound is produced in the decay of animal matter. 

Cadaverine, pentamethylenediaminc, 1,5-pcntanediamine, H2N — (€112)5 
— NII2. Cadaverine, putrescine, and neurine belong to a class of com- 
pounds produced in the decay of nitrogenous matter, and sometimes called 
'ptomaines The first two are not poisonous, while the latter is highly 
poisonous. Death by “ ptomaine poisoning’’ has followed the use of decom- 
posed meat or fish containing substances of this class; more commonly 
food poisoning is caused by the toxin of B, hotnlinus, an organism which 
occurs in canned corn, beans, etc., which have been incompletely sterilized 
in the canning operation. Other bacterial poisons may also be responsible 
for ill effects observed in certain cases. 

Polyamines which are now available in quantity include diethylenetri- 
amine, H2NCH2Cn2NHCIl2CIl2NIl2, triethylenetetramiiie, H2N(CH2CH2- 
NH)2CH2CH2NIl2. These and similar compounds are used in the rubber, 
textile, and pharmaceutical industries. 

Alkamines (Alkanolamines) 

The alkamines are amino alcohols. 

Ethanolamine, HOCH2CH2NII2, formed by action qf ammonia upon 
ethylene oxide, is an interesting compound of this class. In its synthesis we 
get as by-products, di- and triethanolamine, (HOCH2CH2)2NH and 
(H0CH2CH2)8N* All three compounds are basic, the last especially so. 
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The commercial triamine is a mixture of the three compounds. It is used 
to make soaps, as an emulsifying agent, to make synthetic resins, as a reduc- 
ing agent in silvering glass. Their soaps are especially good emulsifying 
agents, as they dissolve both in water and in organic solvents. Dehydra- 
tion of diethanolamine gives morpholine; this is used as are the 
ethanolamiiies.* 


O 


H2C CH2 

I I 

v 

H 

Morpholine 


Uses of Amines 

While there are many synthetic uses of amines as suggested by the reac- 
tions cited, not many direct ones are known. Di- and triamylarnines have 
recently been recommended as inhibitors of corrosion of iron in acid media. 
Uses of the amino alcohols have been indicated. For additional information, 
see References, page 319. 

Comparison of Formulas of Oxygen and Nitrogen Compounds 

The table on page 805 calls attention to the derivation of certain organic 
compounds from water and ammonia, respectively. From the close relation- 
ship of water and ammonia it follows that for organic compounds containing 
oxygen there will often be compounds of analogous structure which have 
nitrogen in place of the oxygen. 


Examples. 


non 

JINTI, 

—OH 

corresponds to — NH 2 


corresponds to =NH 

OH 

corresponds to NH 2 

Uo 

I=N1I ' 

ROII 

corresponds to RNH 2 






O 




0 


-NH2 

..NH 


RC — OH corresponds to RC- 

r 

or RC— NH 2 
or RCN 


Further example.^ of such correspondences will be found in Reference 13, 
page 320. 

* Compounds which liave recently become available on the large scale are Iriisopropanol- 
amine, diethylaminoetbanol. 
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Review of Substitution Reactions and Identification 

In the previous pages a mimher of methods have been given for replace- 
ment of hydrogen by various radicals, and for exchanges between radicals. 


SUBSTITUTION CHART 

■ 


Cl 

Br 

I 

X 

0 

COOH 

CN 

NHj 

NOi 

R 


■ 

1 

3 

■ 

s 

6 

■ 

8 

■ 

10 

m 

ti 

■ 

13 

14 

15 

16 

17 

IS 

11 

20 

Br 

ll 

22 

23 

24 

25 

26 

27 

28 

21 

30 

I 

31 

~ 

32 

33 

34 

B 

36 

37 

38 

31 

40 

133 





45 

46 

47 

48 

41 

50 

COOH 

H 

SZ 


m 

55 

56 

57 

00 

51 

60 

CN 

0 

a 


64 

iS 

66 

67 

68 

61 

70 

NHj 

71 

72 

73 

■ 

75 

76 

77 

78 

71 

80 

NOj 

81 

82 

83 

84 

85 

86 

87 

88 

81 

10 

R 

V 

12 

13 

14 

15 

16 

17 

18 

11 

100 


Fig. 35. — Substitution chart. 


The chart* of Fig. 35 will help in reviewing this material. The following 
rules govern the use of the chart for home study or class assignments by the 
instructor: 

1. The atom or group in the vertical column is to be substituted for that 
in the horizontal line, i.e., number 47 calls for methods of replacing OH by 
CN. 

General example ; 

ROH + HI ^ H 2 O + RI 
HI + KCN KI + RCN 

* This chart is adapted from the illustration used in an article by Dr. I. W. Wade, J . Chem, 
Education^ 5, 72 (1928). 
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Specific example: 

C2lIr,OH + HI H2O + C2H5I 
C2H5I + KCN -> KI + C2H5CN 

2. For squares in wliicli the same symbols appear (1, 12, 28, etc.) give 
methods for identification. 

Example: Square 28 would call for data that would identify an alkyl 
bromide; for example: 

Densil y 

Odor 

Beilstfin test 

Water solubilily 

et( 

8. Give all conditions (temperature, use of catalysts, etc.) which arc 
reported as necessary for the reactions used in synthesis and identification. 

4. Work with saturated compounds first, then with unsaturated com- 
pounds, in so far as these have been discussed in the text. 

REVIEW QUESTIONS 

1. Write equations for the formation of the following aminos: (a) Kthylaminc (two methods); 

(b) Mcthylothylaminc!; (c) Triethylamine. 

2. How may the following substances be distinguished from each other: C 3 H 7 NH 2 , 02116- 

NIKlIa, (< H3)3N? 

3. Assign names to the following formulas, (a) (CH 3 ) 3 N; (b) ((/ 2 H 6 ) 4 NBr; (c) C 2 H 5 NII- 

(CH 3 ); (d) C 3 H 7 N(CIl 3 )C 2 ll 6 ; ( 0 ) |(Cll3)2CHl8N; (f) C 2 H 6 NH 3 I; (g) (C3H7)4N()H. 

4. Show by equations the reactions of ethylamine with: (a) IlCl; (b) Acetyl chloride; (c) 

CH3T. 

5. Indicate by equations the reactions used to make acetaldehyde from methyl chloride. 

6. Write equations showing tlie synthesis of dimethyl ether from: (a) CH 3 — C — NH 2 ; 

(b) Eton. 

7. Summarize by a series of equations the essential points of difference between primary 

amines and amides. 

8. State how the following mixtures could be separated by chemical means, (a) n-propyl- 

ainine, acetic acid, glycol; (b) ?i-butylamine, ethyl ether, n-heptane. 

9. How could the following compounds be distinguished from each other: (a) CH 3 — C — NHj 

and C 2 H 6 NH 2 ; (b) CHaClCHzClbNHz and C 2 H 6 NH 3 CI? 

10. The formula OsHgN represents several amines. Write formulas for the possible isomers, 

and tell how one could decide in a given case which compound was in hand. 

11. What would be formed upon heating: (a) Mctliyl-diethyl-propyl-ammonium chloride? 

(b) Methyl-diethyl-butyl-amraonium hydroxide? 

12. Can you cite any reaction of amines in which a C — N bond is broken? 

13. Show by electronic formulas the method of addition of methyl iodide to methylamine. 

14. Write equations for the synthesis of choline suggested in the text. 

15. In the light of what has been said about the strength of the bases formed by amines and 

water, what is the probable electronic formula for ammonium hydroxide ? 


greater than 1. 
characteristic, 
positive, 
slight. 
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16. You are to prepare ethylaminc from ammonia and ethyl iodide. What other products 

might be formed? How would you decrease the secondary reactions? 

17. Outline the series of operations which would be necessary for the identification of N-inethyl- 

acetarnide. 

18. Make a lable showing a comparison <»f the physical and chemical properties whicli would 

be observed while testing a solid amide and a solid primary amine. 

19. What would be formed by heating trirnethylethylammonium hydroxide? 

20. What advantage and wliat disadvantage adhere to the Hofmann method for the synthesis 

of primary amines? 

21. What properties distinguish a liquid primary amine from a liquid saturated hydrocarbon? 

22. How does acetyl chloride react with the three amines, RNH2, R2NH, and R3N? 

23. Tell in detail how it can be shown that a given tertiary amine has two methyl groups and 

one ethyl group. 

24. How many grams of ethyl iodide would be required to convert 20 g. of ammonia to tetra* 

ethylammonium iodide and NH4I? (Assume a 100% yield.) 

25. List those reactions (tests) which .serve to detect a primary amine. Which one would give 

the same apparent result when applied to an amide? What further test would allow 
one to distinguish an amide from a primary amine? What physicral properties w'ould 
be of assistance here? 

2(), Make a chart show ing the structural formulas of the isomeric amines of molecmlar formula 
CsHiaN. Illustrate by abbreviated equations how each amine reacts with HNO2; 
CH.iCOCl; HCCI3 and alcoholic potash; 11(1; Mel. 

27. Discuss in some detail those amines which have a medical interest. 

28. Three isomeric amines have the formula CJlnN. Upon treatment with nitrous acid, 

compound (A) shows no reaction, whereas (B) yields a yellow oil, only slightly water- 
soluble. (C) yields nitrogen and a-butyl alcohol. Tell all you can about the struc- 
tures of (A), (B), and (C). 

29. The liquid compound (A) dissolves in water giving a solution which is basic to litmus paper. 

The compound reacts with acetyl chloride to give a white solid. Treatment with 
chloroform and alkali yields a vile-smelling oil. Explain the probable nature of (A). 
80. The compound (A) is an amine containing one atom of nitrogen and 16.09% nitrogen. 
When it is treated with an excess of methyl iodide a salt containing 55.46% iodine is 
formed. What are possible structures of (A)? 

31. Analysis of a basic compound (A) which contains only H, and N, gives these figures: 
combustion of a 0.128 g. sample gives 0.2868 g. of (Tig and 0.1757 g. of H2O. Treat- 
ment of another sample weighing 0.200 g. gives 37.95 cc. of nitrogen (at standard 
conditions). When (A) is treated with nitrous acid the compound (B) is secured. This 
reacts with sodium and with acetyl chloride, but not with aminoniacial silver nitrate solu- 
tion. Upon oxidation it gives the compound (C) which does not affect Fehling solu- 
tion, but yields a .solid derivative with sodium bisulfite solution. (C) also reacts with 
phenylhydrazine, giving a solid compound of melting point 26.6°C. Discuss these 
experiments and propose a structural formula for (A). 
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CHAPTER XVII 


COMPOUNDS OF ARSENIC, PHOSPHORUS, SULFUR, 

AND METALS 

Phosphorus and Arsenic 

Besides nitrogen, whose alkyl compounds have been reviewed in pre- 
ceding sections, the fifth group of the periodic system contains the elements 
phosphorus, arsenic, antimony, and bismuth, whose chemical properties 
might be expected to resemble somewhat those of nitrogen. Organic com- 
pounds containing these elements have been prepared, and some of them are 
important. 

The alkyl derivatives of arsenic are called arsines; similar derivatives of 
phosphorus are the phosphines. Type formulas and nomenclature are the 
same as for the amines. 


Examples: 

CH3NH2 

Primary amine 
Methylamine 
(b.p., -6.5°) 


CH3ASH2 

Primary arsine 
Methylarsine 
(b.p., r) 


CH3PH2 

Primary phosphine 
Methylphosphine 
(b.p., -14°) 


Preparation. The following equations illustrate the preparation of 
several alkyl phosphines and phosphonium derivatives: 


(1) CH3I + PH4I + ZnO Znl 2 + H 2 O + CH3PH2 Methylphosphine 

(2) PCI3 + 3CH3MgI — > SMgICl + (CH 3 ) 3 P Trimethylphosphine 

(b.p., 40-2°) 

(3) (CH3)3P + CH3I (CH 3 ) 4 PI Tetramethylphosphonium iodide 

(4) (CH 3 ) 4 PI + AgOH Agl + (CH3)4P0H Tetramethylphosphonium 

hydroxide (a strong base) 


Equations (3) and (4) should be compared with the corresponding equations 
for the nitrogen derivatives (see Chapter XVI). 

The arsines and derivatives of bismuth are prepared by special methods. 
Arsenic and phosphorus resemble nitrogen in the formation of tetraalkyl 
salts and bases, the latter being highly ionized, strong bases. The alkyl 
derivatives of phosphorus and arsenic differ from those of nitrogen in their 
ease of oxidation. While the amines are comparatively stable to oxidation, 
phosphines easily oxidize. 
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Primary phosphines in this way produce alkylphosphonic acids: 

Oxid 

CH 3 PII 2 > rH 3 PO(OH )2 Methylphosphoriic acid 

Secondary phosphines oxidize to dialkylphospliinic acids: 

Oxid 

(CH 3 ) 2 PH > (CTl 3 ) 2 PO(OH) Dimethylphosphinic acid (m.p., 76°) 

Tertiary phosphines yield phosphine oxides: 

Oxid 

(CH 3 ) 3 P ^ ((" 113 ) 3 ?“ ^ Trirnethylphosphinc oxide 

(m.p., 188°; b.p., 215°) 

Phosphines are less basic than amines. The arsines are still less basic than 
the phosphines and are more highly oxidizable. The series of oxidation 
products shown for the phosphines occurs also for the arsines. The sodium 
salt of methylarsonic acid, CH 3 As()(OH)^ oxidation product of methyl- 
arsine, is used in medicine under the name of ArrhenaL 

Cacodyl. When potassium acetate and arsenious oxide arc heated 
together, a substance called cacodyl oxide* is one of the products: 

A 

4CIT3C(XJK + AS2O3 2 K 2 CO 3 + 2CO2 + [(CIl3)2As]2"=0 

(’acodyl oxide 

This is a liquid with an insupportable, vile odor. By treatment with 
hydrogen chloride, cacodyl chloride is obtained from it: 

(CH3)2— As— O— As— (CH3)2 + 2HC1 ^ H 2 O + ^(CirOaAsCl 

Cacodyl chloride 

% 

and the latter substance, when treated with zinc yields cacodyl: 
2(CH3)2 AsC 1 + Zn ZnCh + (CH 3 ) 2 As— As ( 0113)2 Cacodyl (b.p., 170°) 

Cacodyl, tetramethyldi arsenic, is a poisonous liquid, spontaneously 
inflammable in air. It and its derivatives were extensively investigated by 
the chemist Bunsen in the years 1837-1843. At this time there was much 
interest in the preparation of free radicals (methyl, ethyl, etc.). The reac- 
tions of organic chemistry seemed to be reactions of radicals, and repeated 
attempts were made to isolate the radicals themselves. When Bunsen made 
cacodyl he thought that he had such a radical. Actually the molecular 
weight of the compound is twice that of the simple radical — As(CH 8 ) 2 , 
which he thought he had made. 

Cacodylic acid, (CH 3 ) 2 AsO(OH), is an oxidation product of cacodyl 
oxide. Its salts are employed in medicine. 

*The cacodyl products derive their name from a Greek root meaning “stinking.'* They 
have repulsive odors. 
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II H 

Lewisite, C1C“ — AsCI^, and ethyldichloroarsine, C2II5ASCI2, are 
examples of poisonous arsenic compounds used as “war gases/' Lewisite is 
made by interaction ol acetylene and arsenic cliloride: 

Airi, n n 

H C — C — II + AsCls > Cl — C=C— AsCL Lewisite 

The eciuatiou shows the formation of “primary “ Lewisite. The reaction 

H II 

gives also the secondary and tcTtiary substitution products, (ClC=C)->AsCl 
H H 

and (("1C'=C)3 As. The primary Lewisite is the desired compound, being 
far more active than the others. Heating with AsCL under pressure trans- 
forms secondary and tertiary to primary. 

Lewisite lias a multiple aclh)!! as a war gas; it is injurious to the lungs, 
is a vesicant and a general poison. On hydrolysis it yields an oxide, 
H II 

ClC=CAsO, which also is a vesicant. Ethyldichloroarsine is a vesicant 
and lung injurant. 

War Gases, Space limitations will not allow fi full treatment of organic 
chemicals especially adapted for use in warfare. The following list shows 
some of the aliphatic compounds which have been proposed or used, grouped 
according to the principal effect secured in so far as this can be done. 
Compounds of the aromatic series appear on page 606. 


Lacrimators 

Vesicants 

(Tear gases) 
BrCH^COoEt 

Ethyl bronioac(?l{ile 

(Skin blistering agents) 
Mustard gas (page 132) 

CH3ASCI2 

0 

Methyldichloroarsinc 

1 

BrCIL— C:— CII 3 

Injurious to lungs 

Rromoacetoiu* 

CICO 2 CH 2 CI 


( diloromcthyl chloroforinate 

II H 


CIl2=-C— c==o 

CICO 2 CCI 3 

Acrolein 

T richlorome thyl chloroforinate 

CICN 

(CH3)2S04 

Cyanogen chloride 
(Lacriniator and 

Dimethyl sulfate 

systemic poison) 

0=CCl2 

Phosgene 


CI 3 CNO 2 

Chloropicrin 
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Sulfur 

The element sulfur plays an important part in organic chemistry. On 
account of the chemical likeness of sulfur and oxygen, there are for a 
great many oxygen compounds corresponding sulfur derivatives, somewhat 
analogous in method of preparation and mode of reaction. Advantage has 
been taken of this fact in this book to include the sulfur compounds along 
with their oxygen analogs, and to discuss them together. 

The following sulfur compounds have been treated in this way: 

Thioalcohols and thioethers (pages 113, 130); Thio- and dithioacids 
(page 181); Sulfones and sulfoxides (page 130); Thiourea (page 275); Thio- 
cyanates and isothiocyanates (page 292). 

Di- and trithiocarbonic acids will be discussed briefly. 

S SH 

HS — C — OH HS — C==0 Dithiocarbonic acid 

(I) (11) 

Dithiocarbonic Acid. This acid is not known free, but organic deriva- 
tives of both tautomeric forms have been made. Alkyl derivatives of form 
(II) result from action of phosgene upon mercaptides : 

0=CCl2 + 2 C 2 H 5 SK 2KC1 + 0=C(SC2Hb)2 

Derivatives of form (I) are more important. Those of the form R — O — 
CS 2 M (M = metal) are known as xanthates. They are formed when carbon 
disulfide reacts with an alcohol and a base: 



CS 2 + KOH + Eton H 2 O + EtOC— SK Potassium ethyl xanthate 

The copper salt of xanthic acid is yellow in color and insoluble in water. 
Hence the above reaction forms a delicate test for small amounts of carbon 
disulfide. Cellulose, when treated with carbon disulfide and alkali, goes 
into solution as cellulose xanthate. A water solution of the salt is known as 
viscose. It is used in paper sizing and to make Rayon. 

The xanthates (ethyl, butyl, amyl) are used in ore flotation. Xanthates 
have also been used as soil fungicides. Inorganic salts of trithiocarbonic 
acid (HS) 2 C=S are well known, being formed from carbon disulfide and 
sulfides, just as are carbonates from the action of oxides and carbon dioxide : 

CO 2 + CaO — > CaCOs Calcium carbonate 

CS 2 + CaS — > CaCSa Calcium trithiocarbonate 

The organic derivatives, while well known, are not of particular interest, 
Silicon. Because silicon belongs to the same group of the periodic system 
as does carbon, it might be inferred that for all carbon compounds there 
should be corresponding derivatives of silicon. This is true to a certain 
extent, but the analogy falls down when we consider carbon compounds with 
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long chains, because silicon does not unite with itself as does carbon to form 
these chains. The number of organic silicon compounds is therefore limited. 
The preparation of a silicon compound is shown in the next section. 

Organometallic Compounds* 

The reaction between alkyl halides and magnesium to form the Grignard 
reagent, R — Mg — Hal has been mentioned in a former chapter (see page 
83). t Other metals than magnesium may react to form such derivatives, 
notably the element zinc. 

Zinc Compounds. The reaction of zinc with an alkyl halide may take 
the following course: 

€ 2115 ! + Zn — » C 2 H 5 ZnI Ethylzinc iodide (Frankland, 1849) 

or a dialkyl derivative of zinc may be formed by heating the zinc alkyl 
halide : 

Heat 

2 C 2 H 5 ZnI > Znl 2 + (C 2 HB) 2 Zn Diethylzinc (b.p., 118°) 

Zinc alkyls redact with water (or alcohols) to form the saturated hydro- 
carbons corresponding to their alkyl groups: 

(CH 3 ) 2 Zn + 2 II 2 O Zn(OH )2 + 2 CH 4 

They likewise react with aldehydes and ketones, allowing the formation 
therefrom of secondary and tertiary alcohols. These reactions, and others 
of which they are capable, formerly led to their use as synthetic agents, in 
spite of the practical difficulties involved in handling compounds so easily 
oxidized that they take fire in the air. They have now been displaced in 
synthetic work by the Grignard reagents and have principally a historical 
interest. 

Alkyl Compounds. Alkyl derivatives of silicon, tin, mercury, etc., are 
conveniently prepared from the zinc or magnesium alkyls, and also by other 
methods. 

SiCl 4 + 2Zn(C2HB)2 2 Z 11 CI 2 + Si(C2H5)4 Tetraethylsllicon, (b.p., 153°) 

Tetraethylsilicane 

SnCU + 4CH3MgI — > 4MgICl + Sn(CIl 3)4 Tetramethyltin, 

Tetramethylstannane 
(b.p., 78°) 

2CH8HgI + Zn(CH 3)2 Znl 2 + 2Hg(CH3)2 Dimethylmercury (b.p., 95°) 
HgCU + (C 2 H 5 ) 2 Hg 2 C 2 H 5 HgCl Ethylmercuric chloride (m.p., 193°) 

Mercury dialkyls, such as dimethylmercury, are liquid. They are highly 
poisonous. The monoalkyl mercuric salts are solids. Ethylmercuric 
chloride is used in dusting powders as a fungicide. 

* In a sense, such compounds as copper acetylide belong in this classification, but salts of 
acids, alkoxides, etc., in which the metallic atom is not joined directly to carbon, are not a part 
of the group. 

t For more detailed treatment of the Grignard reaction, see Chapter XXIX. 
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3S6 

Tetraethyllead, PbEt 4 , is a component of “Ethyl gas” functioning 
therein as an antiknock compound. 

4Ci,H6Cl + 4NaPb (alloy) -♦ 4NaCl + 3Pb + (C 2 H 5 ) 4 Pb 

Tetraethyllead, 

Tet raethylplunibane 
(b.p., 152291) 

Its function In the ethyl gas is to delay the explosion wave in the engine, 
preventing detonation of the charge. It is customarily blended with ethyl- 
ene bromide (see page 88). Tetraethyllead is a highly toxic compound, 
being absorbed both by tlie lungs and through the skin. Lead poisoning 
follows. The cheinisLry of the organometallic compounds cannot be con- 
sidered in any detail in this book; however, the tremendous importance of 
the magnesium compounds in the Grignard reaction makes it desirable to 
consider analogous derivatives of other metals momentarily, as we have done. 
The Grignard reaction is carried out with aromatic compounds as well as 
aliphatic, and for that reason its consideration is delayed until the aromai ie 
series shall have been studied. 

REVIEW QUESTIONS 

1. Show by means of equations and discussion the chemical likeness and difference of tri- 

mcthylamine, trimcthylphosphine, and Irimethylarsine. 

2. Write equations for the formation of cacodyl bromide. How could cacodyl be made from 

it? 

3. Write equation showing how sodium propyl xanthate could be made. 

4. Write equations for the action of dicthylzinc with: (a) Water; (b) Alcohol. 

5. How may tetrarnelhylsilicon be made? 

6. Write equations for the synthesis of: (a) Tetraethyl tin; (b) l)icthyliiier(!ury. 

7. Show by equations how one might prepare: (a) Dimcthylphosphine; (b) Triethylphosphine; 

{c) Methylarsiiie. 

8. What uses can you suggest for poisonous compounds t)f arsenic, aside from employment as 

war gases? 

9. Write structural formulas to fit the following names, (a) Diethylphosphirie; (b) Tetra- 

ethylphosphonium bromide; (c) Di-a-propylphosphinic acid; (d) Ethanearsoiiic acid; (e.) 
Triethylarsine oxide. 
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CHAPTER XVIII 


OPTICAL ACTIVITY 


Isomerism. Resume and Extension. Several different kinds of isomer- 
ism have been studied up to this point. These have included : 

(1) Structural Isomerism. This takes in: 

(a) Functional isomerism, such as occurs with any two compounds 
which by accident have the same molecular formula, but have different 
functional groups. 

Example: 

C2II5— O— C2II5 C4H9OH 

Ethyl t‘thtT Butyl alcohol 

(b) Chain isomerism. 


Example: 


HaC— (^112— CH2— CTIa 


7/-Butane 


H 

II3C— C— CHs 


CH3 

2-Methylpropa,np 


(c) Position isomerism ; oases in which the isomers are alike except for the 
location of substituting atoms or groups. 


Examples: 


HsC— CH2— CH2— OH 


H 

H3C— C— CII3 

I 

OH 

Isopropyl alcohol 


n-Propyl alcohol 

H 

H3C— C— CHjBr BrCIIa— CHj— CHaBr 

Br 

1,2-Dibromopropanc 1 ,3-Dibromopropane 


(2) Stereoisomerism or Space Isomerism (from Greek, Stereos, a solid). 
This type of isomerism depends upon the three-dimensional arrangement of 
atoms in the molecule. It includes: 

(a) Geometrical or cis-trans isomerism. One form of geometrical 
isomerism has already been noted (pages 59, 263). This occurs in com- 
pounds with double bonds and is due to the fact that rotation of atoms is 
restricted in such cases. In the examples shown on p. 328, 1 and II appear 

S27 
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to be different compounds, since the X groups are in one case on the same 
side of the molecule, and in II are on the opposite sides. 


H H 



H H 


Fig. 36. Fig. 37. 

P^iGS. 36, 37. — Identical molecules. 

Actually no such isomers have ever been made. The natural conclusion is 
that the carbon atoms, Ci and Ca, are able to rotate about the axis formed 
by the bond between them; thus they can assume all possible positions 
which lie between the two extremes pictured here, or, practically speaking, 
we have one compound and not two or more. We shall later come to cases 
in which free rotation is impossible for atoms joined by a single bond. This 
occiu's when the X groups are so large that they will not ‘‘clear’’ each other 
(see page 421). 

When two atoms are joined by a double bond, it is apparent that free 
rotation of the atoms is no longer possible; many cases of isomerism of this 
type of compound are known. One which has been given is that between 
fumaric and maleic acids (page 262). 



H Maleic acid CQeH Fumaric acid 

Fig. 38. Fig. 39. 

A simple way to picture the relationships is given on p. 829. In (I) two 
boards are shown joined by a single nail. Free rotation can occur, and it is 
impossible to have two different arrangements which are permanent. In 



OPTICAL ACTIVITY 


329 


(II) and (III) the boards are fastened by two nails. Free rotation is not 
allowed, and hence there are the two possible different arrangements shown. 





Fig. 40. Fig. 41. Fig. 42. 


Other examples of this kind of i.somerism will be shown in later chapters, 
also other types of geometrical isomerism will be given. 

(b) Optical isomerism. Distinction between geometrical isomers is 
usually not difficult. They differ in physical properties (melting point, 
boiling point, solubility, density) and in some cases are quite different in 
chemical properties as well. In optical isomerism we have a much more 
subtle phenomenon. Two optical isomers will have the same chemical 
reactions {in vitro*) and will be alike in the physical properties just men- 
tioned and in other physical properties. They can often be distinguished 
by differences in physiological action (action in vivo)^ however the best 
method of setting them apart is by means of their action on plane polarized 
light. 

Optical Activity. In ordinary light the vibrations occur in all planes, at 
right angles to the line of propagation. Plane polarized light has its vibra- 
tions confined to one plane. If an optical isomer be placed in the path of 



Fig. 43. Fig. 44. 

Figs. 43, 44. — Rotation of plane polarized light by the optical isomers d and L The 
dotted line shows original plane of vibration and the heavy line shows the rotation of the 
plane through the angle B, 

plane polarized light, the plane of vibration will be rotated or twisted to the 
right or left. If we think of the light as vibrating in a vertical plane, the 
effect will be as shown above; on emergence from the optical isomer d or Z 
(shown in the form of a thin plate) the plane of vibration is rotated to the 
right or left. 

♦The expression **in vitro*^ refers to the use of laboratory apparatus; the corresponding 
expression **in vivo** refers to the use of a living organism. 
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The ability to rotate the plane of f>olarized light is called optical activity. 
Compounds which cause rotation to the right are termed dextrorotatory 
(d) while those which rotate left are called levorotatory (Z). The instru- 
ment used to create plane polarized light and study its effects is the polar- 
imeter, which is shown below in diagram. 


X 

s 



Tr 


C A 




Sc 


Fici. 45. — Diagram of Polariincter. 


Polarimeter. Plane polarized light is produced by the use of a Nicol 
prism of calcite (crystalline calcium carbonate), or a “Polaroid" plate. 
Light which passes through the prism vibrates in but one plane, and if a 
second prism is placed beyond the first with its principal plane in line with 
that of the first, the light will pass. If, however, the second prism is 



Fig. 46. 

Fig. 46. — Parallel prisms. 
Fig. 47. — Crossed prisms. 



Tran.smission of plane polarized light. 
Plane polarized light blocked at prism 



Fig. 48.— Polarimeter. 


“crossed,” that is if its principal plane is at right angles to that of the first, 
no light can pass. In the diagram, S is a light source, usually a sodium 
flame, which gives practically monochromatic light; B, C, and D are aper- 
tures to sharply define the beam of light; L is a converging lens and T the 
observer’s telescope. 
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P is the polarizing Nicol and Q is a smaller Nicol which covers half of 
P. One-half of the field of view receives polarized light which has come 
through P and Q, while th(i other half of the field gets light from P only. 
P and Q hav(i their i)ririci])al planes set at a small angle to each other. The 
analyzing Nicol, A, is set in a mounting which can rotate, the amount of 
rotation being shown on tlie circular scale. Sc. Now if the analyzing Nicol 
A is “crossed” with P, one-lialf of the field looks black. A small move- 
ment of A crosses it with Q and then the other side of the field is black. 

The zero point is midway between these two positions; both halves of the 
field arc of the same brightness. Tr is a covered light-tight trough in which 
the tube of solution may be placed for examination. 

Variables affecting rotation. When a solution of optically active com- 
pound is placed in Tr, we note that the two halves of the field are unequally 
bright. A must be rotatx^d a certain number of degrees to restore the zero 
point condition. This angle is the degree of rotation. Its magnitude depends 
upon (a) the number of mol(^cules through which the light passed, hence 
varies direct ly with the concentration of the solution and the length of the 
column of solution, (b) the nature of the substance, (c) the temperature. 

Specific Rotation. In order to compare the activity of different sub- 
stances we employ their specific rotations. Specific rotation is the rotation 
per decimeter of solution divided by the number of grams of substance per 
cc. of solution. 

[a]f = 

Th(i symbol above shows that the specific rotation of the substance, taken 
at 20° with a sodium flame as source (D refers to the principal wave lengths 
of the sodium flame, the D lines of the solar spectrum) was 36° left. Dextro- 
rotations <are mark<?d (+)• The specific rotation varies with concentration 
of solution and with the wave length of the incident light, also the nature 
of the solvent used. The molecular rotation is the specific rotation times 
the molecular weight, divided by 100. 

Optically Active Compounds. The polarization of light was first noted 
in 1808 (Malus), and in 1811 Arago found that quartz is optically active, 
some crystals being dextrorotatory, others levorotatory. Other optically 
active crystals were found later. 

Quartz occurs in two kinds of crystals which have the hemihedral facets 
on opposite sides of the crystal; (that is the crystals are mirror images of 
each other). Such mirror-image crystals are called enantiomorphs; their 
peculiar relationship to one another was offered as an explanation of the 
opposite rotations caused by the two crystals (1820, Herschel). 

We have found by X-ray analysis that the atoms in such crystals have a 
definite arrangement; this is evidently responsible for the optical activity, 
for if the crystalline form is destroyed, as by solution, optical activity 
disappears. 
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With the organic compounds we are to discuss the case is entirely dif- 
ferent. These preserve their optical activity when fused or in solution, or 
even in the gaseous form. The activity is therefore due to something 
inherent in the molecule. Optical activity of this kind was first noted in 
1815 with a solution of sugar (Biot). Subsequently a number of optically 
active organic compounds were noted. Considerable confusion was caused 
by the cases of optical isomerism which were unearthed. For example, 
lactic acid was found in sour milk in 1780 by Schcele. In 1807 Berzelius 
isolated from muscle tissue a substance which was later shown to liave the 
same formula and the same chemical reactions. Yet these substances, 
though both entitled to the name lactic acid, were not entirely the same, for 




Fig. 49. Fig. 50. 

Figs. 49, 50 . — d and t quartz enanliomorplis (nurror-image crystals). 


the milk acid was optically inactive, while the flesh acid (sarcolactic acid) 
was dextrorotatory. Later a third acid, this time levorotatory, was found. 
There was at the time no way of clearing up the difficulty, though it was 
recognized that the space arrangement of the atoms would be an important 
part of any adequate explanation (1869, Wislicenus). 

“If it is once granted that molecules can be structurally identical and 
yet possess dissimilar properties, it can only be explained on the ground 
that the difference is due to a different arrangement of their atoms in space’' 
(1873, Wislicenus). 

At a somewhat earlier time than the date above, chemists were under 
the same difficulty with tartaric acid and racemic acid. Both have the same 
formula, but the former was dextrorotatory while the latter was inactive 
({). Pasteur investigated sodium ammonium tartrate crystals in the light 
of Herschel’s statement about the hemihedral facets of quartz. Supposing 
that the facets cause optical activity, there should be none on the racemic 
crystals, since the salt is inactive. 

Pasteur found that the hemihedral facets were present, but noted that 
with the tartrate, as with quartz, they are differently placed on different 
crystals. He had the inspiration to pick out and separate the two enantio- 
morphous kinds of crystals. From one kind there was obtained the familiar 
d-tartaric acid, while the other yielded a new Z-tartaric acid. When 
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they were mixed in equal proportions inactive racemic acid was obtained 
(1848). 

Pasteur noted that while the hemihedral facets are present in solid 
quartz and tartaric acid, the former is optically active only in the solid state. 
The latter also shows optical activity in solution, hence the effect is not 
caused by the facets but evidently concerns the molecules. “Are the atoms 
of right-handed tartaric acid arranged along the spiral of a right-handed 
screw or ... at the corners of an irregular tetrahedron . . . ? We cannot 
answer these questions.** 

Van’t Hoff-Le Bel Theoky 

The answer was given almost simultaneously in 1874 by van*t Hoif 
(Dutch) and Le Bel (French). It is most easily understood by the use of 
the molecular models.* In Pig. 51 below, balls of different colors are 
shown at the corners of the tetrahedron (white, 
yellow, scarlet) . Two are alike, and as a result, only 
the one arrangement shown is possible. Changing 
the colors from corner to corner will not alter the 
figure. It is a symmetrical model, having a plane of 
symmetry which passes through W and Y and 
midway between S and S. 

If we make a model which has balls of four 
different colors^ we can find no such plane of symmetry 
which will divide the model into equal halves. It is 
truly unsymmetrical, and as a result there are twoi^'iG* 51. — Symmetrical 
different possible arrangements, and only two, which molecule, 

correspond to the right- and left-handed quartz crystals mentioned before. 

These models arc related to each other as the right hand is to the left. 
They have similar units but are not identical. One may not be superposed 
upon the other. If one model is held before a mirror, the image in the 
mirror corresponds to the arrangement of the other model (see Fig. 52). 

The demonstration with the model can be applied directly to methane, 
if we imagine the colored balls to be atoms or groups introduced into the 
molecule by substitution. 

Asymmetric Carbon Atom. It follows that a carbon atom with four 
different atoms or groups attached to it forms an asymmetric group, and that 
two different arrangements of the molecule can exist. Such a carbon atom 
is called an asymmetric carbon atom. The two compounds whose molecules 
are mirror images of each other are called optical antipodes or enantio* 
morphs. Van’t Hoff and Le Bel stated that this asymmetry was the cause 

* The Kekul6 and von Baeyer or other commercial models will be used in the classroom, 
but the student can make his own models by cutting corks and coloring the four apices with 

crayons or inks of different colors. 
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of optical activity, that every optically active compound must possess 
asymmetric carbon atoms, one or more. * Several examples follow. 



Fig. 52. -Models of opti<;al cnantioinorphs. The inuij^e of either in the mirror shows the 
configuration of the opposite model. 


Compounds with One Asymmetric Carbon Atom. Lactic Acid. In 

lactic acid we have an unsymmetrical arrangement as previously discussed. 
The central carbon atom holds four different groups: namely H, Oil, CH3, 
and CO2H. Thus two different space arrangements can be made, (I) and 
(II) below: 


COOH 



Fig. 53. 


OH 


COOH 



Fig. 54. 


Figs. 53, 54. — Lactic acids. 


One of these is the structure for dextrorotatory lactic acid (we do not 
know which one) and the other is levorotatory lactic acid. As the com- 
pounds have the same groups and the same valency forces, it is not surprising 
that they should show identical physical properties. Nor is it surprising 
that the chemical properties should also agree. It is only when such 

* Optical activity is not of necessity associated with carbon atoms. Optically active 
compounds are known in which the central atom is N, S, P, Sn, etc. In every case the activity 
arises from molecular asymmetry as explained above. Quite naturally the carbon compounds 
have chief interest and importance. 
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Caul von Guaebe. (1841-1927, Ger- 
man.) He established Ihe structure of 
alizarin and synthesized it (with Lieber- 
maiin). He was associated with Bunsen 
and Baeyer, working for the latter four 
years as lecture assistant. He verified 
the Krlenmeycr formula for naphthalene 
and did much important synthetic work 
((piinones, rosolic acid, aurarnine, etc.). 
See J. Chan. Education, 7, 2(509 (1930). 



BerichU , 61, 0 (1028). 



Albert Ladenbitko. (1842-1911, Ger- 
man.) lie was a.ssociated with Bunsen, 
Friedel, and Kekulc. He proved the 
equivalence of the hydrogens of benzene. 
He is known for his work in the alkaloid 
field and for his benzene formula as well 
as for extensive literary work. See Am. 
Chem, J., 46 , 528 (1911), ,/. Chem. Soc. 
(London), 103, 1871 (1913). 


Berichie , 45 , 3597 (1912). 
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molecules react with other optically active compounds, such as are found 
in the cells of our bodies, that differences are seen between the two 
compounds. 

If equal amounts of d- and Z-lactic acids are mixed, the rotational effect of 
one-half of the molecules is cancelled by that of the other half ; the mixture 
is inactive. Such mixtures are called rdcemic mixtures. Means have been 
found for separating them into their d- and /-components. 

Projection Formulas of Lactic Acids. It is desirable to use graphic 
formulas for the representation of optically active compounds rather than 
sketches of models, and if certain conventions are adopted this can be done, 
lactic acid is written with the carboxyl group at the top of the formula and 
methyl group at the bottom. 

The position of the hydroxyl group is determined by the relationship of 
the lactic acids to dextrorotatory glyceraldehyde, which is taken as a 
reference standard. The formula for d-glyceraldehydc is by convention 
written with the hydroxyl group at the right hand; hence levorotatory 
lactic acid which is related to this glyceraldehyde has its hydroxyl group 
also at the right. 

The structural relationship between molecules is considered as more 
important than the direction of optical rotation. Actually the rotation 
may change markedly for very little apparent cause. For example, all 
salts of the dextrorotatory lactic acid are levorotatory. In the names 
of the following formulas the small capital letters show the structural rela- 
tionship to glyceraldehyde just discussed, and the plus and minus signs 
indicate actual optical rotation. 

H 

C=0 

H— i— OH 
insOH 

D-Glyceraldehyde 

Dependence of Optical Activity upon Asymmetry. The crux of the 
theory presented here is that optical activity rests upon molecular asym- 
metry.* The theory has been completely successful in the face of thou- 
sands of tests. The following tests illustrate the point, 2-Methyl-l- 
butanol (I) is active. It is easy to make various derivatives by modification 
of the OH group (chloride, bromide, ether, ester, etc.), or the CH 2 OH group 
(aldehyde, acid). All are active. 

* Thus there are cases where molecules are asymmetric (and optically active) which do not 
possess asymmetric carbon atoms. We will, however, limit ourselves to simple cases in which 
asymmetry is linked with asymmetric carbon atoms (see page 421). 


C— OH 

1 

H— C— OH 


i. 


:h, 

d(— )-Lactic acid 


C— OH 


HO— C— H 


i- 


CH, 

L(4-)-Lactic acid 
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CH3 H 

cUs H 

\ / 

c 

\ /■ 

/ \ 

/ \ 

C2II6 CH2OII* 

CjHe CHa 

(1) 

(ID 

When, however, we reduce the C"H20H group to CII3, activity disappears 

(II) along with molecular asymmetry. 

The theory is a practical one. It 


links optical activity with molecular structure, but docs not say why asym- 
metrical molecules affect polarized light as they do. This is still a subject 
for research. 

Compounds with More than One Asymmetric Carbon Atom. We may 

use tartaric acid as an example. Here wc have two asymmetric carbon 
atoms, each holding II, OH, CO 2 H, and the group C(a, b, c) on the four 


available valences. 
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Projection 

formulas t 

CO^H 


CO^H 
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Pig. 55. 

Fig. 56. 




Pigs. 55, 56. — d(— ' 

)- and L(-i-)-Tartaric acids. 




CO2H 

I 

HCOH 

HioH 

CO2H 

Projection formula 


Fig. 57. — Mesotartaric acid. 


* Carbon atoms printed in heavy type are asymmetric. 

fThe hydroxyl group on the asymmetric carbon most remote from the top carboxyl 
determines the family to which the compound belongs. If this hydroxyl group extends to the 
right the compound is called n- and vice versa» 
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If we assume that in (I) the upper carbon atom is levorotatory it is 
evident that the lower carbon atom is also, since the II, OH, and CO 2 H 
groups are in the same relative order in each half of the molecule. One can 
easily see this by imagining the lower group to rotate through an angle of 
180° while staying in the plane of the paper. This would then represent 
/-tartaric acid. As (II) is the mirror image of (I), this would be d-tartaric 
acid. 

Again, we see that the optical activities of the upper and lower carbon 
atoms are equal, because of the equality of the groups attached to them. 
This makes possible another arrangement (III), in which the d-rotation 
of the upper carbon atom is exactly caiieelle<l by the /-rotation of the lower 
carbon. This represents a third tartaric acid, known as inactive or meso- 
tartaric acid. As said before, the d- and /-acids are alike in physical proper- 
ties and practically all of their chemical properties. The nieso acid is not a 
mirror image of either of the others however, and has different physical 
properties. 

External and Internal Compensation If equal amounts of d- and /-tar- 
taric acid are mixed in a solvent, the solution is inactive as would be cxj)ected 
Such inactivity is said to be due to ‘‘external compensation” and there are 
ways of separating such racemic mixtures. With mesotartaric acid the 


Table 20. — Physical Propehttes of Tartaric Actdb 


Name 

M.p. 

Sp. g., 
20"/4“ 

Solubility in water, 
g./lOO cc. 

L(-l-)-Tartaric* acid 

H)8-7(P 

1.700 

189 

d( — )-Tartaric acid 

168-70 

1 . 700 

189 

Meso acid 

140 

1 . 060 

120 

Racemic acid 

205-0 

1.097 

20.6 



inactivity is due to effects within* the molecule (not external). This 
inactivity, due to “internal compensation,” is permanent. It will be found 
in all compounds of two or more asymmetric carbon atoms which have a 
plane or point of symmetry. The plane of symmetry is shown in (III) by 
the horizontal line. 

R^lcemic Acid. Evaporation of a racemic mixture of tartaric acids gives 
a new substance whose. physical properties are different from those of d- or 
/-tartaric acid. Its melting point is higher, it has a different water solubility 
and crystallizes with one molecule of water (the d- and /-acids are anhydrous). 
This is apparently a loose compound, somewhat like a double-salt, of the 
d- and /-acids. It is called racemic acid. Other cases of this kind are known 
in which dl mixtures yield a dl solid having individual physical 
properties. Upon solution such racemic compounds revert to simple racemic 
mixtures. 
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Number of Optical Isomers. Theoretically the number of optical 
isomers jicssible, exclusive of racemates, is n being the number of asym- 
metric carbon atoms i)rescnt. This is the van’t Hoff rule. According to it 
there should be four tartaric acids, since there arc two asymmetric carbon 
atoms in the compound. Th(? number is r<‘duce<l to tliree, because one of the 
forms has a plane of symmetry and Ikmicc is inactive. Because of such 
possible exceptions every new case must be worked out individually. Van’t 
Hoff’s rule gives the maximum number of isomers possible under any condi- 
tions, but the actual number may be smaller. 

IH^SOLX:TIO>f OF RaOEMIC ]\riXTURES 

The separation of a racemic mixture into its d- ancl /-components is 
termed its resolution. S(weral methods are available; those which follow 
were originally devised by Pasteur. 

(a) Mechanical Separation. When the substance forms well defined 
crystals, the d- and /-forms, being mirror imag(\s of each other, may be picked 
aj)art by hand. This method has historical interest because it was employed 
by Pasteur for the separation of the tartaric acids. It does not often happen 
that f/“ and /-compounds crystallizes in the manner suggested; even if this 
were the rule the method would still be extremely slow. In the case of the 
sodium ammonium tartrates with which Pasteur worked, the enantiomorphic 
crystals separate only at temperatures below 28°. Above this transition 
t (imperature the sodium ammonium racemate separates. This explains why 
Pasteur obtained a different result from that obtained by others. In his 
experiment the temperature happened to be favorable. In this case, as in 
many others, “chance favored the right man.’’ 

(b) Biochemical Method. A culture of a mold, bacterium, or yeast is 
allowed to grow in the racxmiic mixture. Without doubt the organism con- 
tains an optically active compound or compounds which react with one of the 
optical antipodes and not the other; at any rate one is destroyed. For 
example, if the mold Penicillium glaucum is grown in a solution of ammonium 
racemate (fortified with nutrient salts) the solution becomes /-rotatory due 
to the destruction of the d-tartrate by chemical action in some way induced 
by the mold. 

The method has obvious disadvantages in that 50% of the active mate- 
rial is lost and that the yield of remaining material may be low. The method 
may be useful in finding whether an inactive solution is a racemic mixture or 
a solution of a meso compound (inactive by internal compensation). 

(c) Resolution by Use of Active Compounds. This is the method most 
often used. Depending upon the chemical nature of the active compound 
in hand, a derivative is made with another active compound, often a natural 
compound. Thus an active base (alkaloid) such as /-morphine, /-quinine, or 
/-brucine could be used to form a salt in case a dl mixture of acid was to be 
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resolved. The two salts formed would not be enantiomorphs for (supposing 
the base to be levorotatory) they would be constituted as follows: 

Salt I Salt II 

rf-Acid + /-Base /-Acid + /-Base 


It is seen that these are not mirror images of each other. Hence the salts 
have different properties and they arc usually sei>arated by fractional 
crystallization, which takes advantage of their differing solubilities in 
solvents. The pure d- and /-acids are later obtained by ordinary chemical 
methods from the separated salts, I and II. Comi)ounds like I and II 
which are stereoisomers but not enantiomorphs are called diastereoisomers. 

A racemic mixture of a base can be resolved by reversing this process, 
i.e., by using an active acid, such as d-tartaric. A dl alcohol mixture may be 
esterified with an active acid. Or the alcohol may ))e ester i tied with one 

carboxyl of a dicarboxyl ic acid like succinic acid, 
then the other carboxyl used to form a salt with 
an active base. Many ingenious schemes have 
been devised to make derivatives such as the above 
to be used for resolutions. 

Racemization. It is freciuently observed that 
an active substance becomes optically inactive, 
sometimes upon standing, but more often when 
it is heated. In other cases the change occurs in 
the presence of a base or traces of various com- 
Fig. 68. Propionic acid. pounds which act as catalysts for the change. 
Half of the active material changes to the isomer of opposite rotation, giving a 
racemic mixture. Thus when cinchoninevd-tartrate is heated to 170°, 
racemic acid and mesotartaric acid form (Pasteur). In performing resolu- 
tions by the chemical method there is always the possibility that racemiza- 
tion may occur and thus undo the work. 

Asymmetric Synthesis. When in synthetic work we perform a reaction 
that transforms an optically inactive compound to an active compound, it is 
noted that we obtain a racemic mixture. Thus the bromination of propionic 
acid (inactive) gives a-bromopropionic acid, in which the alpha carbon is 
asymmetric: 

H 

HBr + CHaC— C02H(d + 1) 

Br 



CHsCHaCOaH + Bra 


It is easy to see why this must be so. The two alpha hydrogens of propionic 
acid are held with equal force in a molecule which has a plane of symmetry, 
therefore hydrogen 1 may as easily be replaced as hydrogen 2 (see Fig. 58). 
According to the law of chance we secure equal amounts of the d- and U 
bromoacids. 
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If, however, we begin operations with an asymmetric molecule, and add 
an asymmetric carbon atom, it is- possible that the synthesis might not give 
equal amounts of the new optical isomers. Cases of this kind have been 
observed in the laboratory (see page 858). In nature the occurrence is 
common. 

Walden Inversion. When an atom or group directly conn cried to an asymwctric carbon atom 
is replaced, the eonfiguralion of tlie new eonipound may he opposite that of the original. 
'^I'lius c/-chlorosuwinic acid, upon treatment wilh potassium hydroxide, gives /-malic acid: 

KOll 

I10,( CIK K K(’l I- II(),( CTIOIK ll,C ()2lI 

d-(^hlorosucciiiie acid /-Malic acid 

When d-chlorosuceinie acid is treated with silver oxide we get W^-malic acid. It is evident that 
in one of these substitutions there has been a change t)f configuration about the asymmetric 
carbon atom. 

A change of this kind is known as a Walden inversion- Though much w^ork has been 
carried out wilh this reaction the mechanism is not y<‘t known. 

Importance of Optical Activity 

A large majority of the natural compounds which are desirable for 
medical uses are optically active. One might mention alkaloids, hormones, 
vitamins. Frequently only one form, d or /, is found in nature. There is a 
more and more insistent demand that these compounds be made syntheti- 
cally, in order to have an assured source of compounds of known high 
purity. Very often tlu? optical isomers of such compounds have very 
different physiological effects. Thus the natural /-adrenaline is about 
twelv’^e times as active as d-adrenaline. /-Hyoscyaminc is effective, but 
d-hyoscyamine appears to have little or no physiological effect. 

The chemist must, therefore, be able to separate the racemic mixtures 
which result upon synthesis of such compounds, in order to deliver the active 
d- or /-isomer to his co-workers in medicine. 

REVIEW QUESTIONS 

1. Why is it that the physical properties of geometrical isomers differ while those of optical 

d- and /-isomers are the same? 

2. Why do we expect optical isomers to be alike in their chemistry? Illustrate by the use 

of models or projection formulas. 

3. Is it reasonable that geometrical isomers should have like crhemical properties? Why? 

Use models or projection formulas in your explanation. 

4. How could the biochemical method of separation be used to determine whether a certain 

solution was a racemic mixture? 

5. Write graphic formulas for the isomers of formula UelluN. Indicate which are optically 

active. State the total number of isomers, exclusive of racemates. 

6. Oxidation of maleic acid gives mesotartaric acid, while a similar oxidation of fumaric acid 

gives a racemic mixture of d- and /-tartaric acids. Explain these facts (it may be neces- 
sary to use the molecular models). 

7. Which of the following are optically active compounds? (a) 2-Hydroxybutane; (b) 8- 

Hydroxypentane; (c) a-Chlorobutyric acid: (d) 2,2-Dichloropropane; (e) 1,2-Epoxypro- 
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pane. Write the graphic formula of each and indicate asymmetric carbon atoms by 
the use of a star. 

8. Inspect the following formulas and encircle any carbon atoms which are asymmetric. 

(a) Cll3CI10IlCH01IC00(V.ll5; (b) (1I3NH(1I((’I1:02; (c) ( 1( Il2(^Hri( IK I2; (d) 
CHaOCIUC H3)(( 2H5); (e) ( IlsdlCK 0011. 

9. Discuss the methods used to separate a racemic iiiixlure into its r/- and /- componenls. 

10 . Define and discuss: Racemizalion; Asynimelric synthesis. 

11. Define the following terms: (a) Isomerism; (b) (Jeometrical isomerism; (e) Structural 

isomerism; (d) Optical isomerism; (e) Metamerism; (f) 'raulomcrism. 

12. Wherein do the properties of r/,s- and I runs isomers differ? Wherein <h> those of optical 

isomers differ? 

13. How does the optical activity of quartz differ profoundly from that of camplior? 

14. Nature makes d-camphor. In our laboratory synthesis we get a mixture of .50 d-, 

50% /-camphor. Explain. 

15. What is meant by the following terms? (a) Optical activity: (b) Asymmetric carbon 

atom: (c) Spc'cific rotation. 

16. Explain with the use of diagrams the meaning of the expressions, “Compound inactive 

by internal compensation,” and “Mixture inactive by external compensation.” 

17. Write the formula of a compound having 4 carbon, 2 oxygen, 4 chlorine, and 0 hydrogen 

atoms, which is optically inactive. ArVrite a formula for an isomer of this compound 
which has but two asymmetric carbon atoms. 

18. Can you explain why the optical isomers of a compound userl in nu'dicine have such 

different physiological responses? 

19. (a) Write graphic formulas for lactic aldehyde representing each form of the compound. 

(b) Write graphic formulas for the new' compounds formed by addition of 11 CN to lactic 

aldehyde, (c) I low many different acids would result upon hydrolysis of the cyano- 
hydrins of (b)? (d) Arc any of the acids in the me so form? 

20. Which of the amyl alcohols are optically active? W’^ritc their graphic formulas. Indicate 

clearly the number of asymmetric carbon atoms in each active compound. 

21. A ketone having five carbon atoms yields an oxime whose reduction produces an amine 

with one asymmetric carbon atom. Write the graphic formulas for possible structures 
of the original ketone, and for one structure which is ruled out by the conditions imposed. 
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CHAPTER XIX 


CARBOHYDRATES 

Introduction* The three great classes of foochstuffs utilized by man and 
the animals are the fats, the proteins, and the carbohydrates. Of these the 
latter have as well an industrial importance, which perhaps exceeds that of 
either proteins or fats. The carbohydrates are C, H, O compounds, mainly 
of vegetable origin; a large percentage (about 75%) of the solid material of 
the plants is composed of these substances. 

The class name “carbohydrate’’ designates these compounds as hydrates 
of carbon; the formulas of many of the members suggest such a classification, 
because they contain II and O in the proportion of to 1, as in water. Thus 
CgHi 206 may be written C6(H20)6, C12H22O11 as Ci2(H20)u* etc. More- 
over, it is true that cane sugar and certain other carbohydrates, when 
treated with concentrated sulfuric acid or strongly heated, will decompose, 
leaving behind a residue of carbon. 

However many substances exist which, on the simple basis of their 
formulas, should belong among the carbohydrates; for instance formalde- 
hyde, which may be written CH2O, or acetic acid, C2(Il20)2, or lactic acid, 
C3(H20)3. We know that these compounds are not of the carbohydrate 
series, while at the same time other substances which are unmistakably 
carbohydrates have formulas that would not entitle them to the name (an 
example is rhamnose, C6H12O5). The early conception is therefore aban- 
doned. We might define carbohydrates as ketonc-polyalcohols or aldehyde- 
polyalcohols, or substances which upon hydrolysis will yield the above 
(either or both). However, some compounds answering this description 
are not carbohydrates. It is difficult to give a rigid definition. Many but 
by no means all carbohydrates have the empirical formula C,XH20)„j, 

Classification of Carbohydrates. Nomenclature 

Carbohydrates are divided into classes according to their behavior with 
hydrolytic agents. The simplest carbohydrates, called monosaccharides, 
do not hydrolyze; a disaccharide molecule hydrolyzes to yield two molecules 
of monosaccharide (which may be identical or different). A trisaccharide 
upon hydrolysis gives three monosaccharide molecules. 

The mono- and disaccharides arc sweet, crystalline, water-soluble sub- 
stances called sugars. Sugars are less soluble in alcohol than in water, and 
are practically insoluble in ether and non-polar‘ organic solvents. All 
natural sugars are optically active. 
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Saccharides which yield more than two monosaccharides upon hydrolysis 
are called polysaccharides* The complex polysaccharides include the 
starches, cellulose, and the dextrins; non-crystalline substances, for the most 
part insoluble in water and tasteless. The two grand divisions of the carbo- 
hydrates are thus the sugars and the non-sugars (starches, cellulose, etc.). 

The monosaccharides are further divided into the ‘‘oses,’’ according to 
the number of carbon atoms in the molecule, thus : a diose has two carbons, 
a triose has three, etc. Representatives are known of all classes up to and 
including Cio (decoses). 

The pentoses and hexoses are the most important of the monosaccharides ; 
trioses and tetroses have merely a theoretical interest. Monosaccharides 
which are aldehyde-alcohols are called aldoses; keto-alcohol monosac- 
charides are called ketoses. By combining these terms we get class names 
such as aldopentose (aldehyde sugar with five carbons), ketotetrose (ketonic 
sugar with four carbons). 

Examples. 

H 

C==0 CH 2 OH 

I I 

H— C— OH Projection 0=0 

I formulas \ 

cn20H CH 2 OH 

D-Glyceric aldehyde, an Dihydroxyacetone, a 

aldotriose ketotriose 

The above are the simplest representatives of their respective classes. 

Derivation of Formulas. The simplest hydroxy aldehyde is glycolic 
aldehyde, HOCH 2 CHO, and while this reacts like a simple sugar, we have 
given glyceric aldehyde above as the simplest aldose, because it, like all 
natural sugars, is optically active. By adding CHOH groups to glyceric 
aldehyde two whole families or series of aldoses can be constructed. Those 
derived from n-glyceric aldehyde belong to the D-family, those from L-glyceric 
aldehyde to the L-family. This classification has nothing to do with the 
actual sign of optical rotation of any of these sugars, but is purely 
conventional. 

The projection formula of an aldose is usually written with aldehyde 
group at the top and primary alcohol group at the bottom. The carbon 
atoms are numbered consecutively, the aldehyde carbon being #1. The 
formula for a ketose is written so as to give the carbonyl group the lowest 
possible number, the upper carbon of the chain being #1. 

Using these conventions a substance of the D-series has the OH group 
of the highest-numbered asymmetric carbon atom at the right side of the 
chain. A substance of .the L-series has this OH group at the left side of the 
chain (see formulas, page 346). 

* Di-, tri-, and tetrasaccharides of known constitution are known as oligosaccharides. 
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Formidas of o-Glyceric Aldehyde. Using a tetrahedron for the central 
carbon atom gives (I) below. Another type of formula (II) uses a dash 
line with vertical stroke for the Oil group; the H is to be imagined opposite 
this line and the asymmetric carbon atom is not shown. The formula may 
also be written as in (III) with a plus sign to show that OH is at the right 
side. Again the asymmetric carbon is omitted. 


CHO 

+ 

CH 2 OH CH 2 OH 

ai) (HI) 

for a D-aldotriose. 

A formulation based 011 (III) is conveniently used to designate sugars. 
In this formulation n-glucose is symbolized as in (J) below, n-mannose as in 
(II). The aldehyde and primary alcohol groups are omitted and the plus 
and minus signs indicate IlCOH and HOCH groups. Carbon #1 is at the 
right hand. 

+ + -+ + + -- 
(I) (H) 

If a sugar belongs to the n-family but is actually levorotatory, it may be 
written d( — ) to indicate this fact. Examjde, D(~)-fructose. Similarly a 
sugar of the L-family which is dextrorotatory will be written l(+).* 

The projection formulas for the n-serics of aldoses through the hexoses 
are given on p. 346. Each new asymmetric carbon atom introduces two new 
optical isomers, thus there are two tetroses, four pentoses, etc. In com- 
paring such formulas they may be rotated in the plane of the paper; they 
must not be removed from the plane of the paper. 

Epimers. Sugars which are isomeric and which are alike in all respects 
except for the H and OH arrangement on carbon atom #2, are called epimers. 
Thus xylose and lyxose are cpimeric, as are erythrose and threose. 

Monosaccharides or Monoses 

As previously stated, the pentoses and hexoses are the most important 
groups contained in the class of monosaccharides. A few will be described 
individually. 

* In some books and journal articles the notation d' is used for d(— ) and V for l(-|-). 
Italic large capitals are sometimes used rather than plain small capitals. 
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Pentoses 

The formula for a pentose is CsHioOe; these compounds are well distrib- 
uted in nature as constituents of complex molecules called pentosans.* 
They result from the hydrolysis of the pentosans. 

H 

L-Arabinose, an aldopentose, CH20II(CH0I1)3C-^, is obtained from 
gum arabic by boiling with dilute sulfuric acid. Another source is wood or 
bran. D«Arabinose is obtained on hydrolysis of certain glycosides. 


Projection Formulas of d-Aldoses 

II 

I 

c— o 

HC'OII D-Glyeeric* alfiehyde 
CHsOlI 



c — 0 

IIOCH 

1 

Threose 
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h.rythrose 



HCOH 

1 




HCOH 
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CII,OII 

/ \, 
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cH>on 

/ \ 
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11 

1 


1 

C= 

1 

0 

1 

c=o 
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1 

(*— 0 


I 

C — 0 


HOCIl 


H(X)H 


j 

HOCH 


1 

HCOH 


j 

IIOCH 

1 

Lyxose 

j 

IIOCH 

Xylose 

j 

HCOH 

Arahinose 

1 

IICOIl 

Ribose 

HCOH 

j 

HCOH 

1 


j 

HCOH 

1 


1 

HCOH 

1 


I 

CII 2 OH 

X \ 

H H 

I 1 

CII 2 OII 

^H 

1 1 

CHX)H 

/ \ 

II H 

1 1 

CH.OH 

if 

1 1 

c=o 

1 

1 

c=o 

1 

c=o 

1 

1 

c=o 

C=rO 

1 

c=o 

1 

C==:0 

c=o 

HOCH 

j 

HCOH 

HOCH 

j 

j 

HCOH 

1 

1 

IIOCH 

j 

HCOH 

1 

HOCH 

1 

1 

HCOH 

1 

j 

IIOCH 

j 

1 

HOCH 

j 

HCOH 

HCOH 

HOCH 

1 

HOCH 

1 

HCOH 

HCOH 

j 

IIOCH 

HOCH 

j 

1 

HOCH 

j 

1 

HOCH 

1 

HCOH 

HCOH 

1 

1 

HCOH 

j 

HCOH 

1 

j 

HCOH 

1 

HCOH 

1 

HCOH 

J 

1 

HCOH 

j 

1 

HCOH 

j 

HCOH 

HCOH 

1 

HCOH 

1 

CH 2 OH CH 2 OH 
Talose Galactose 

CH 2 OH 

Idose 

CH 2 OH 

Gulose 

CHaOH 

Mannose 

1 

CH 2 OH 

Glucose 

CH 2 OH CH 2 OI 
Altrose Allose 



* Pentose molecules lose water cooperatively to form “anhydrides** called pentosans. 
Hexoses similarly give hexosans. A derivative formed in this way from glucose (dextrose) 
is a dextran, one made from xylose is a xylosan, (xylan), etc. 
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D-Xylose may be had from straw or corn cobs by acid hydrolysis. Pen- 
toses differ from hexoses in that yeast does not cause their fermentation. 
They easily form furfural when boiled with hydrochloric acid. The 
presence of furfural may be detected by holding a })aper moistened with 
aniline acetate solution in the escai)ing vapor. A red color is })roduced. 

Xylose is a starting material for the synthesis of Vitamin C (page 751). 

Hexoses 

Glucose and fructose are the only hexoses which occur free in nature. 
In fact they are the only monosaccharides found free in large amounts 
Hexoses, including these two, also occur in combination in the disaccharides 
ill glycosides, and in polysaccharides. 

D-Glucose. The formula for the hexoses is C 6 H 12 OG. Within this class 
glucose (dextrose)* is the most important compound. It is found in honey, 
in the juices of many fruits, and in grapes, hence the name grape sugar which 
has been applied to this compound. Several disaccharides upon hydrolysis 
yield glucose, as will be noted in a later section. The blood normally con- 
tains about 0.1% of glucose; in cliabetes the amount is largely increased. 
Small amounts are normally carried in the urine. Glucose is the only sugar 
obtained in conijdete liydrolysis of cellulose, starches, and maltose. It is the 
sugar usually produced upon hydrolysis of the natural glycosides (hence the 
class name). Glucose is used as a sweetening agent in chewing gum, table 
syrups, other food j)roducts; it is employed in making candy and jellies, in 
pharmaceutical preparations. As a reducing agent glucose is used in silver- 
ing solutions and to change indigo to indigo-white. Commercially glucose is 
prepared by the hydrolysis of starch (page 379). 

Structural Formula for Glucose. The structural formula for glucose is 
CH20II(CH0H)4CH0. It will be to our interest to examine briefly the 
steps which have led to the adoption of this formula. The molecular formula 
of glucose, C 6 H 12 O 6 , is of course obtained as the result of quantitative 
analysis of the compound and determination of its molecular weight (page 
10, ff.). 

(a) The partial reduction of glucose yields sorlutol, a polyhydroxy alcohol 
whose structure is known: 

Redn 

Glucose ^ IJ0CH2-(("H0H)4— CH 2 OH Sorbitol 

therefore the carbon chain of glucose is a straight chain of six carbons, as 
we know it to be in sorbitol. This evidence is confirmed by the fact that 
complete reduction of glucose produces derivatives of normal hexane. A 
somewhat better method of proof is the following: oxidation of glucose gives 
gluconic acid, and reduction of gluconic acid gives /i-cai>roic acid. 

Ox id Rcdn 

Glucose > CH 2 OH- (rH()H) 4 — CO 2 H » €Tl 8 (CH,) 4 COi,Il 

Gluconic acid n-('aproic acid 

* The pame arises from the fact that glucose is dextrorotatory. 
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(b) Various characteristic tests show that glucose has an aldehyde group 
(see next section), ("areful oxidation gives gluconic acid shown above. 
This is a monocarboxylic acid, thus there is but one aldehyde group in the 
molecule of glucose. As CIIO group is monovalent* it must always be 
on the end of the chain. Further oxidation yields the dicarboxylic acid, 
saccharic acid, CO 2 II— (CIIOH) 4 — CO 2 H. 

(c) Treatment with acetic anhydride introduces five acetyl grouj)s; hence 
there are five Oil groups in glucose. The formula thus becomes : 


H 

H 

H 

II 

HC- 

1 

C- 

1 

1 

( - 

on 

1 

Oil 

1 

OH 

OH 


II H 

C- O Ghurosc 

I 

OH 


The OH groups in glucose are assigned one to each carbon atom, because 
they are so placed in sorbitol, reduction product of glucose, and because 
experience has revealed but few com}>ounds with two OH groups on one 
carbon. Such carbons generally disjday aldehyde or ketone reactions. 
Since there are 4 asymmetric carbon atoms in the formula it is evident that 
it represents 16 different optical isomers (see van’t Hoff rule, page 339). 
One of these formulas belongs to ordinary glucose (see page 359). All of 
these 16 aldohexoses have now been made. 

The position in space occupied by the II and OH groups f)f glucose is not 
indicated in this structural formula, but appears in the graphic formulas 
on pages 358, 361. The ring forms which glucose can assume will be dis- 
cussed later, 

Chemical Reactions of Glucose 

Glucose shows the jjossesslon of an aldehyde group by the following 
reactions : 

(a) It adds hydrogen cyanide, condenses with hydroxylarnine to form an 
oxime, and with phenylhydrazine to give a phenylhydrazone. It does not 
color Schiff reagent or add sodium bisulfite, f 

(b) Glucose is easily oxidized by silver or copper ion. When ammo- 
niacal silver nitrate solution is used, a silver mirror is formed. With 
Fehling’s solution a precipitate of cuprous oxide is produced. 

(c) Glucose when boiled with strong alkali gives a resinous product. 

All of the positive reactions cited here will be recognized as typical of 

the aldehyde group. 

Reactions of Glucose with Phenylhydrazine, Glucose reacts with phenyl- 
hydrazine in the normal way to form glucose phenylhydrazone: 

* See footnote, page 15. 

fSee Ind. Eng. Chem. (Anal.) 14, 405 (1942) for description of a supersensitive Schiff 
reagent which may be used with carbohydrates. 
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CHa— (CHOH) 4 — CH o + H 2IN-NC6H. 

in 


->H20 + 

H H 

CH 2 (CHOH) 4— C---N -NC oil 5 

OH d-CjIucosc plienylhy- 

drazonc 


The phenyl hydrazonc of glucose, like those of most of the hexoses, is soluble 
in water and does not preci])itatc when the above reaction is carried out. 
The osazone, describcMl next, is more easily prepared. 

If glucose is tn^ated with an excess of phenylhydraziiie, the phenyl- 
hydrazonc is formed, and the excess reagent then acts as an oxidizing agenU 
attacking the cart)on atom at position #2 and oxidizing it from secondary 
alcohol to ketone: 


H 

HON— NCfill., II 

I + H 2 NN(^ fill., ■ 

H- (V on 

1 

(I 1 C 0 H )3 

CII20H 


NHa + C6H5NH2 + 
Aniline 


H 


HC=N— NC.Hs 
I 

C -O 

I 

(HC 0 H )3 

I 

CH20H 


The molecule of plienylhydrazine which performs the oxidation is itself 
reduced to aniline and ammonia, as shown in the eejuation. A third mole- 
cide of reagent now unites with the newly created carbonyl group: 


H 

HC=N— NCells 


H 

HC=N— NCeHfi 


C=[ 0 +j 5 iN— NCells 
(HCOH), 

CH2OH 


I H 

H2O + C==N— NCeHs 


(HC 0 H )3 

CHsOH 


D-Glucosazone or Glu- 
cose dihydrazone 


The product of the reaction of excess phenylhydrazine with a hexose is 
called in general an osazone — in this case glucosazone. Osazones are very 
useful in the identification of sugars, as they are insoluble in water, and are 
solids with definite melting points; also under the microscope they show 
definite and characteristic crystal form. 
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It has been noted that when definite concentrations of reagents arc used, the osazones of 
different sugars precipitate at different time intervals (Maquenne test). Thus the osazone 
of D-glucose precipitates suddenly in 4-5 minutes after mixing of the reagents, while the time 
for D*galactose is 15-19 minutes and for n-fructose is about 2 minutes. This test is often 
useful in identifications. 


Upon hydrolysis an osazone yields a conipoiind with both a ketone and an 
aldehyde group, called an osone — in this case (jlucosone: 


H 

lie- N NCoHb 2H.0 H 

I II > + 

0- N-^NCelU 

I 

(ncoH)3 

I 

CIIsOII 


HC=0 

1 

I 

(HC0H)3 

1 

CIIaOH 

i)-(iliicosone 


Osones will he discussed in a later paragraph. 

Natural hexoses are subject to fermentation in ih(‘ j)resen(*(' of ferments 
or enzymes. The products when glucose is fermented by zymase are carbon 
dioxide and ethyl alcohol: 

CgHi206 2 CO 2 + 

d( — ) -Fructose,* fruit sugar, levulo.se. Like glucose, fructose is very 
generally distributed in the plants. It is a hydrolysis product of various 
carbohydrates, being best obtained from inulin, a polysaccharide found in the 
dahlia, artichoke, etc., by treatment with dilute acid. The name levulose 
is often applied to fructose on account of its optical rotation, which is levo- 
rotatory. Yeast f(?rmentalion of fructo.se yields carbon dioxide and alcohol. 

The structure of fructose is determined by inference from a series of 
chemical reactions similar to those employed in the case of glucose. 

(a) Acetylation with acetic anhydride proves the presence of five OH 
groups in fructose. 

(b) Partial reduction products of fructose arc polyhydroxy alcohols with 
straight chains of six carbon atoms; therefore the molecule of fructose has 
also a normal six-carbon chain. 

(c) The formation of a pheiiylhydrazone proves the presence of a 
carbonyl group, however: 

(d) ' Fructose is not an aldehyde, because its oxidation does not yield an 
acid with a like number of carbon atoms. Instead two acids of lesser 
carbon content are formed. This is characteristic of ketones. Fructose is 

H 

therefore a keto-alcohol. Glycolic acid, HOC — C — OH, and trihydroxy- 

H 

butyric acid, 

* D-Fructose and other D-sugars are structurally related to D-gluco.se (ultimately to D-gly- 
ceric aldehyde). Their optical rotations are not indicated by this initial letter. p-Fructose is 
levorotatory, [ctId — 92.3°. The anomaly is shown by the use of the minus sign (see page 346) . 
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H H H 

11— C C C C— OH 

1 1 I 

OH on OH 

are the acids which result from tlie oxidation of fructose with mercuric oxide. 
We already know that when a ketone is oxidized its carbon chain breaks next 
to the carbonyl group (page 153). Thus a knowledge of the oxidation 
products of fructose, together with the information given in the next section, 
enables us to construct its formula, which must be as follows: 

O 

II I 11 

CHo -((dIOlDo ( - — C- CIToOlI Fructose 

I ■ M 

oil OH 

The dotted line shows where the break occurs on oxidation. The cyclic 
forms of fructose are shown on page 362. 


CiiEMHJAn Keactions of Fructose 

Fructose, unlike ordinary ketones, is oxidized by Fchling’s solution. 
This is true of other a-liydroxy ketones as well. Fructose reduces Fehling’s 
solution even more rapidly than does glucos<‘. 

With phenylhydrazine a phenylhydrazone is formed as has already been 
stated : 


CH,OH CIIoOH 

I __ _ 11 in 

cHO 4- n2|N-~-N(^,Hf, -> HoO + (>--N--NC6n5 

I ‘ ' 1 

(HC0H)3 (HC0H)3 


Fructose phenyl 
hydrazone 


CHaOH 


CH 2 OH 


An excess of the reagent acts on fructose phenylhydrazone, first as an 
oxidizing agent, converting the primary alcohol group at carbon #1 to an 
aldehyde : 

CH 2 OH 

I H 

C=N— NCeHo H 

I + H 2 N— NCsHb -» NHg + CeHgNHg + 

HC==0 

I H 

C=N— NC»Hs 

I 

(HCOHls 


(HC0H)3 

iniOH 


CH 20 H 
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The phenylhydrazine is by this action reduced to aniline and ammonia. 
Subsequently another molecule of the hydrazine reacts with the aldehyde 
group, forming an osazone: 


H 


, IIC=|0 + HJN-NC«H5 ■ 


=N— NCeHs 

I 

(HCOH)s 

in^OH 


H 

H 2 O + HC=N— NCbHb 

I H 

C=N— NCoHs 


I 

(HCOII)3 

inzOH 


i)-Fructosazone, 
Fructose di- 
hydrazone 


The osazone formed from D-fructose has of course the same molecular 
formula as that formed from o-glucose (see page 349) and is identical 'with it. 
It must be emphasized that both n-glucose and D-fructose are optically 
active compounds, each having several asymmetric carbon atoms; the 
osazone is also active. Therefore if both yield one and the same osazone, 
this proves beyond a doubt that the disposition of OTI and II about the last 
four carbon atoms in each molecule is the same for one as for the other. In 
other words, the only structural difference between D-glucosc and D-fructose 
is to be found in the two carbons on the “active’’ end of the molecule. For 
this reason it is quite possible to convert glucose to fructose and vice versa by 
suitable reagents which will affect these two carbons. This will be illus- 
trated later. 

D-Mannose. Mannose occurs in the polysaccharides called mannans 
and certain of the glycosides. It is obtained from hydrolysis of the vege- 
table ivory nut (tagud). The ivory {cor a jo) is used for making buttons and 
the waste is used for making mannose. Mannose is the epimer of glucose. 
It ferments with yeast. Its reduction gives mannitol (page 111). 

D-Galactose. This is best made by hydrolysis of lactose (milk sugar). 
In the body galactose is made in the mammary glands from glucose, then 
combined with glucose to form lactose. Galactose occurs in polyoses, in 
glycosides, and in cerebrosides (glycolipides), which are found in brain and 
nerve tissue. For ring formulas of mannose and galactose, see page 362. 

General Reactions of Monosaccharides 

Glucose and fructose have been treated in some detail. Other aldo- 
hexoses are similar to glucose. They form the same types of derivatives, 
show mutarotation (page 360), oxidize with Fehling’s solution, etc. The 
following material constitutes a review and extension of that already given. 
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(1) They oxidize with ease, the aldoses to monocarboxylic and dicarboxylic 
acids of the same carbon content, the ketoses to acids with a smaller number 
of carbons. The lactones of the monocarboxylic acids may readily be 
reduced to aldehydes. Examples of these reactions are given elsewhere. 

(2) Oxidation yields various 'products according to conditions. Bromine 
water gives gluconic acid from glucose and oxidizes other aldoses, but does 
not affect ketoses.* Nitric acid oxidizes glucose to saccharic acid. This 
with potassium permanganate gives oxalic and tartaric acids. For oxidation 
of fructose see page 350. Oxidation of monosaccharides with nitric acid 
gives, finally, oxalic acid. Hot chromic acid gives CO 2 and H 2 O. 

Alkaline oxidation. Glucose is stable in faintly acid solution but is very 
sensitive to alkali. If allowed to stand with very dilute alkali, enolization 
takers place. The 1,2-, 2,3-, and 3,4-enediols are formed: 

11 

C=0 HCOH 

I il 

HG GOH 

I I 

HO- CH 110- ClI 

1 1 

(ilucose 1,2-KncdioI 

One consequence of this is the Lobry de Bruyn transformation (page 358). 
In presence of atmospheric oxygen or stronger oxidizing agents (Cii, Ag 
salts) splitting of the bonds of these ends takes place. Thus a great 
variety of substances is produced (carbon dioxide, formic acid, glycolic 
acid, oxalic acid, etc.) having from one to five carbon atoms. 

The extent of degradation is a function of temperature, of alkali concen- 
tration, and of time. Thus in the quantitative oxidation of a monosaccha- 
ride the conditions must be worked out empirically. The extent of reduction 
of Fehling’s solution by glucose, for example, is much greater than could be 
accounted for by the simple oxidation of one aldehyde group to carboxyl; 
this is of course due to the fact that more than one carbon atom is oxidized. 
In the study of the equilibrium mixture formed in the alkaline oxidation of 
glucose, scores of different derivatives have been foiind. This ready dis- 
sociation (fragmentation) of glucose suggests its extreme importance in the 
biochemical processes of the living organism. 

(3) Reduction. Sodium amalgam in water reduces monosaccharides to 
the corresponding alcohols (glucose to sorbitol). Vigorous reduction gives 
saturated hydrocarbons. 

(4) Reactions of hydroxyl group. Monosaccharides form esters, ethers, 
and salts as would be expected from compounds having OH groups. The 

* Gluconic acid may be made in good yield by action of Aspergillus niger on glucose. This 
is of interest since gluconic acid has commercial value. About 500,000 pounds a year is used in 
medicine, in tanning, and otherwise. 
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ethers will receive further mention. Monosaccharides are very feeble acids 
(K^ for glucose is 6.6 X however they are more acidic than simple 

alcohols. Thus glucose can dissolve calcium oxide to form a glucosate, 
soluble in water. 

(5) Pentoses by dehydration produce furfur aU while hexoses give hydroxy- 
methylfurfural. The method of formation of furfural from a })entose is 
shown in the following scheme: 

O 

/ \ H 

nn lie C— C=0 

— > 3II2O + II II 

HC cn 

Furaldebyde, 

Furfural 

o 

/ \ H 

IIOIIjCC c— c=o 

II II 

HC CH Ilydroxymethylfiiraldehyde 


II— CTI 


/ 


orH 


II 

c=o 

■ — 

H|-c— Idiil 


HO— C- 

' — H 


r 

-c- 

II 


-OH 


The production of furfural from carbohydrates by the dehydrating action of 
concentrated sulfuric acid is presumed to be tlie basis of the Molisch reac- 
tion which is used as a general test for carbohydrates. In this test the 
carbohydrate solution, to which some a-naphthol has been added, is layered 
over concentrated sulfuric acid. A colored ring appears at the junction of 
the liquid layers. For uses of furfural, see page 641. 

(6) Adding carbon to an aldose (“stepping up”). Kiliani reaction. 
The aldose is first brought into reaction with hydrogen cyanide, forming 
thereby its cyanohydrin. The latter upon hydrolysis is converted into a 
polyhydroxy acid having one more carbon than the original aldehyde sugar. 
Reduction of the lactone of the acid to aldehyde completes the synthesis. 
The equations for the reactions are shown in semi-diagrammatic form 
below: 


5 

C=0 


(IIC0H)4 

inaOH 


HCN 


H/ 

c 

\ 


CN 


C— OH 


OH allsO 


^(HC0H)4 

CH2OH 


NH 3 + HCOH 

(IlioH)! 
iflaOH 


Redn 


*H 


H 

c=o 


HCOII 

I 

(HCOH) 4 


i, 


Aldohexose 


^HaOH 

Aldoheptose 
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(7) Talcing carbon from an aldose, Wohl method. The oxime is made 
from the aldose by the use of hydroxylamiiie. Treatment with acetic 
anhydride acetylates the sugar and changes the oxime to the nitrile. Treat- 
ment with ammoniacal silver oxide removes the acetyl groups, forming the 
diacctamide derivative of the aldose with one less carbon. This upon acid 
hydrolysis gives the free aldose. 


HC—NOH 

(IIC01I)4 

II 2 COII 


Acetic 
« nbydridc 


CHaCOONa 


CN 

I 

H(X)COCIl3 

I 

(llCOCOCIIs)^ 


Ag(NH,)20H 


H H 

C(NC0CH3)2 

(Hion)3 

H2C011 


Aldobexosc 

oxime 


Il^COCOCIIa 


IbO 


IbSO^ 


n 

c-o 

(H(X)H)3 

I 

HjCOH 

Aldopentose 


Rujf method. The aldose is first oxidized to the corresponding acid, 
whose calcium salt is treated with hydrogen peroxide in the presence of a 
ferric salt. Carbon dioxide is lost; at the same time the carbon next the 
carboxyl group is oxidized. The result of these reactions is the production 
of an aldose having one less carbon atom than the initial compound. The 
following scheme shows the successive steps: 


H 

'y Ca 

H 

c=o 

C-O^ 

c=o 

(HC0H)4 - 

Oxid 1 * 

HCOH 

HaOj 1 

-> H 2 O + CO 2 + (HCOH) 3 

CaCOH), • 1 

Fc+++ 1 

CH 20 H 

(HC0H)3 

CHaOH 

Aldohexose 

1 

CH 20 H 

Aldopentose 


(8) Transformation of an aldose to its isomeric Icetose, This is illustrated 
by the change of glucose to fructose. This conversion and its reverse are 
effected by reactions brought to bear upon the osone, which it will be remem- 
bered is formed by the hydrolysis of the osazone (note equation on page 350). 
If the osone be reduced by use of zinc and acetic acid, its aldehyde group will 
be reduced to alcohol; fructose is formed in this way from glucose: 
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H 

HC==0 HC— OH 

c=o c==o 

I lU-dn I 

(HC0II)3 >(HC0H)3 


CH20H 

D-Glu(’C)sone 


2H 


CH 2 OH 

D-Fructose 


(9) Transforviation of a ketose to its wonieric aldose. As an example we 
lake the ehange of fructose to glucose. For this conversion the ketose is 
first reduced to a hexahydroxy alcohol: 


CH 2 OH 

i- 




CH2OH 


inj 


Kedn I 

(HOOH)3 >(H(X)H)4 




laOII 

Fructose 


CII2OH 


Oxidation of this alcohol yields a monocarboxylic acid: 

CH2OH C— OH 

I Oxid I 

(HC0II)4 >(HC0H)4 

CH20H CH20H 


Reduqtion of the lactone of the acid gives glucose. 

The gamma lactone, most stable of those possible, is the one usually 
obtained from an aldonic acid.* Lactones of this type form very readily. 
Unlike the acids they may easily be reduced. 




o 


(HC0H)2 

I 

HC 


Redn 


6 


HC==0 

I 

(HC0H)4 


HCOH 

CH2OH 


i 


H2OH 


Glucose 


Other pairs of sugars, related to each other as are glucose and fructose, 
may similarly be changed one to the other. Comparison of the graphic 

Aldonic acids have the formula H0CH2(CH0H)xCC)0H. 
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work in connection with dyes. His joint 
synthesis of alizarin with Graebc is well 
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In addition he carried on work with an- 
thracene and anthraquinone compounds, 
and with cocaine. See J. Chem. Educa- 
tion, 7, 2609 (1930), J. Soc. Chem. Ind., 
34, 128 (1915); also this book, page 692. 
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formulas of glucose and fructose shows plainly that conversion of one to the 
other involves changes on the first two carbons only. 


H 

c=o 

HCOII 

I 

HOCH 

HCOII i)-Glucosc 

i 

HCOII 

I 

CH 2 OH 


CH 2 OH 

I 

C=0 

I 

HOCH 

HCOII D(-)-Fructose 

HCOII 

1 

CH 2 OH 


(10) Transformation of an aldose to its epimer. It will be remembered 
that epimeric compounds have identical structures except for carbon atom 
#2. The H and OH at this point can be made to reverse their positions 
by heating the aldonic acid with pyridine. Thus, glucose and mannose are 
epimers. For the transformation of the former to the latter it is first 
oxidized to gluconic acid, then treated with pyridine. As the shift of II 
and OH at the alpha position is reversible, a mixture. of gluconic and man- 
nonic acids results. These are separated by customary chemical procedure; 
they are not optical isomers, hence differ in physical properties. Reduction 
of the lactone of mannonic acid yields mannose. The scheme below out- 
lines the steps. 


Oxid 

D-Glucose ) n-Gluconic acid 


Pyridine 


D-Gluconic lactone 



D-Glucose ^ 


Redn 


D^annonic acid 

Separation of mixture and 
formation of lactones 

D-Mannonic lactone 

I Redn 

D-Mannose 


This process is known as epimerization. 

Asymmetric Synthesis. In carrying out the reaction shown on page 354, 
in which a new asymmetric carbon atom is added to an aldose, two epimers 
are formed, but since the original substance is optically active, the epimers 
are not formed in equal amounts (asymmetric synthesis). Thus in going 
from xylose to the epimers gulose and idpse (see chart, page 346) we secure 
more of the former than of the latter, and mannose by HCN synthesis gives 
only D-mannoheptonic acid. 

(11) Lobry de Bruyn transformation. When glucose is treated with 
extremely dilute alkali the molecule rearranges. An equilibrium mixture 
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of D-glucose (63.4%), n-mannose (2.4%), d(—) - fructo.se (30.9%), and 
D-glutosc result.s. The same mixtiue is obtained if we begin with n( — )- 
Iruclose or D-mannose. It is believed that the (changes are possible becau.se 

(1) any one of these sugars gives its 1,2-enediol with alkali treatment, and 

(2) because each gives the .same 1,2-enediol. 


C -() 

1 

.1 1 

(' -0 

CH 2 OH 

HCOH 

II 

(X)H 

HCOII 

. HO(TI 

c--<) 

1 

IIOCII 

1 

IIOCII 

IIOCII 

I 

HOCH 

HCOII 

HCOH 

1 

IK OH 

HCOH 

1 

IICOH 

1 

HCOH 

1 

HCOH 

IHX)H 

1 

CH 2 OH 

i)-Ciliicose 

1 

CH. 2 OH 

1 )- Man nose 

1 

CH 2 OH 

n(—)-Fructo.s(‘ 

j 

CH 2 OH 

(d)nimoH 1.2- 
eiiecliol 


Inspection of the formulas shows that the.se three sugars differ only with 
regard to carbons 1 and 2, and the difference disappears in the common enol 
form. Thus the enol can rearrange to form any one of the three. This 
interesting transformation is highly significant in view of the fact that the.se 
hexoses are so important among the natural sugars. 

The formation of gluto.se is laid to a 2-3 enolization of fructose: 


('II 2 OII 

I 

(’-O 

iiocii 

I 

IICOH ; 

I 

HCOH 

I 

CH 2 OH 

d(— )-F ructose 


CII 2 OH CH 2 OH 

coH neon 

II I 

con c=-o 

I I 

neon neon 

nioH neon 

in^oH cn^on 

Euediol Glutose 


Monosaccharide Ring Structures 


Up to this point the formulas for monosaccharides have been shown as 
straight chains. This was done because with this type of structure the rela- 
tionship between various sugars is easily seen, also because it is the conven- 
tional way to show aliphatic compounds. We realize that because of the 
angles between bonds of the carbon atoms of a chain it can form a ring (see 
pages 39, 611). Thus the ends of a six-carbon chain approach each other 
as shown below, and there is opportunity for reaction between the carbonyl 
group and the OH groups on the terminal carbon atoms: 




Such a reaction in the case of a monosaccharide would give a ring structure. 
It is not likely that in (I) the OH of carbon 6 would be involved, because a 
7-atom ring would result, and experience has shown that 6- and 5-atom rings 
are more easily formed. Rings of four atoms or less do not form easily, so 
that carbon atoms beyond 4 are not so much concerned. 

There is much evidence that such ring forms actually exist. For example 
glyceric aldehyde, which could not easily form such a ring, shows all common 
aldehyde properties, while tetroses and higher aldoses do not. The reducing 
and aldehyde properties of glucose do not show themselves promptly in the 
cold and are rather slow even upon the application of heat. A still more 
decisive proof is furnished by the phenomenon of mutarotation and the 
existence of isomeric glucosides. 

Mutarotation. Two forms of glucose are known, one having an optical 
rotation of -f 113.4® the other of +19.0®. As has been said, glucose is 
reluctant to show true aldehyde properties. Both of these phenomena are 
explained if we assume that glucose has a ring structure as shown in the 
following formulas. In this form it is not an aldehyde, and before it can act 
as such, the ring must be broken. The two diflferent structures possible 
when this ring is included in the molecule account for the two different forms 
of glucose which have been observed. 



CAKBOHYDBATE8 


361 


OH 

H/ 

C 1 

HCOH 

I 

HOCH O 

I 

HCOH 

ni-J 

CH 2 OH 

a-D-(Jliicose 


H HO 

I \H 

c-=o c , 

I I 

HCOH HCOH 

HOCH ?=± HOCH O 

nioH HCOH 

HCOH ni 

in^oH in^OH 

Aldehyde form jtl-D-Glucose 


All three forms, a-ring form, jS-ring form, and aldehyde form exist in 
equilibrium with each other in solution.* In fact if a solution be made of 
either the a-form having [«]d = +113.4° or the /3-form of [a]D == +19°, 
the rotation value will change until it becomes +52.2°, which is evidently 
the rotation of an equilibrium mixture (37% a, 63% jS). This phenomenon 
of change in rotation is known as mutarotation» The aldehyde carbon 
becomes asymmetric when the molecule of glucose assumes the ring form. 
Thus additional “lactone” form isomers of glucose must be added to the 
number made possible by the four asymmetric carbon atoms normally 
present in the molecule. The phenomenon of mutarotation is not peculiar 
to glucose but is shown by most of the simple sugars. The forms shown 
above (5-“ lactone” forms) appear to be the structure in which most of a 
sample of glucose exists. The 7-“ lactone” form represents a labile and 
very reactive molecule. Gamma glucose has not been isolated but deriva- 
tives of it have been made. 

The ring form having a 5-atom ring {gamma “lactone”) is known 
as the furanose form since the ring resembles that of the compound furan; 
the 6-atom ring form is known as the pyranose form because of the resem- 
blance to pyran.f The formulas given here are somewhat easier to visualize 

Ring Formulas for Glucose, 


6 



jS-D-Glucose, pyranose Pyran 

form, 5-lactone (lactol) 


• About 0.03 per cent is in the free aldehyde form. 

fThis formulation was proposed by Haworth. For an illuminating discussion see his 
papers in J, Sgc, Chem,, Ind.^ 46^ 205 (1927) and 64, 850 (1035). 
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/CH.OH 

HOCH 



f lira nose form, Fiiraii 

7-luctonc (laeiol) 


than those with i-lu' carbons in a straight line. In order to avoid confusion 
with true lactones these ring forms are known as lactoh. They are diagrams 
of molecular models. The heavy liiu^s indicate that part of each model 
which is nearest the observer. The drawings should b(‘ compared with 
actual models made from “Tinker-Toy” assortments of atomic models. 

Ring Formulas {Fructose^ Mannose^ Galactose)^ 






Glucosides. When Emil Fischer treated glucose with methyl alcohol 
saturated with dry hydrogen chloride, he obtained the methyl glucosides. 
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These are pictured below. 

OCHa 

H/ 

C~- 

I 

HCOH 
H()€H 
HCOH O 

ni 1 

I 

CH2OH 

a-Metliyl KlufORi'le 


CH3O 

\H 

C- 


I 

HCOH 

I 

HOCH 

HCOH 

I 

HC 




12OH 

/3-Methyl gUicoside 


0 


These compounds do not show aldehyde properties nor do they disjday 
miitarotation. These facts can only be explained on the basis of a ring 
structure, an<l tliey also show that the ring is fixed and that, it involves the 
aldehyde carbon atom. The forms sliown here are the pyranose forms. 

Additional Data. a-M ethyl glucoside is dextrorotatory; split by maltase 
(maltase splits a-glucosides). Synthesis from anhydrous glucose and 
methyl alcohol with hydrogen chloride. jS-M ethyl glucoside, levorotatory; 
split by emulsin (emulsin splits jS-glucosides). Synthesis from hydrated 
glucose, alkali, and dimethyl sulfate. Treatment of a mixture of a and 
glucosides with yeast gives the pure jS compound. The a form is split by 
the maltase of yeast and the glucose is then fermented by the zymase of the 
yeast. 

Proof of Structure of the Glucosides. Methylation. Only one OH 
group (the ‘‘aldehydic” Oil) of glucose will react with alcoholic hydrogen 
chloride. Evidently this is more reactive than the other four (“alcoholic”) 
OH groups.* The methylation of the other hydroxyls can be accomplished 
by the use of dimethyl sulfate and alkali. The hydrolysis of the methylated 
glucoside affects only the “glucosidic” ether, which again proves the 
enhanced reactivity at this point. The other four ether groups remain 
intact. Oxidation then splits the molecule where the oxygen bridge joins 
the chain, and examination of the resulting compounds shows at what car- 
bon the bridge was attached. 

Compounds of the same type as a and P methyl glucosides, formed by the 
reaction of glucose and hydroxylic substances, are known as glucosides. 
They are rather frequently found in nature. The general term is glycosides. 
Several of these are listed in Chapter XXXVIII. A physiological interest 
attaches to the glycosides because when certain deleterious substances (car- 

* D-Glucose, D-mannose, D-galactose, and a number of glucosides treated with heavy water 
suffered an exchange of hydrogen for deuterium which seemed to involve only the active hydro* 
gen of the hydroxyl groups. 
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bolic acid, camphor, aniline, chloral) are taken into the body, they are made 
less harmful by being combined with glucose. The resulting glucosides are 
then eliminated in the urine after a preliminary oxidation to glucuronic acid 
derivatives. 

Synthesis of Monosaccharides 

The method presented on page 354 for adding carbon to an aldose may 
be used to build up a monosaccharide from the hornolog having one less 
carbon. By repetition of the procedure successive carbon atoms may 
be added. By using this synthesis Fischer pre])ared aldononoses from 
aldohexoses. In addition to this method we have tlie oxidation of a poly- 
hydroxy alcohol to its aldehyde: 

Oxid 

HOCH 2 CHOHCII 2 OH > HOCHsCHOHC HO Glyccraldehydc 

Syntheses from Formaldehyde, Glycerol. If a solut ion of formaldehyde, 
saturated with calcium hydroxide, is allowed to stand for some time it will be 
found to contain a mixture of sugars (forrnose) one of which is a form of 
fructose. Mild oxidation of glycerol gives glycerose, a mixture of glyceralde- 
hyde and dihydroxyacetone. These were condensed by E. Fischer to a 
mixture of a and /3 acrose, a ketohexose whose osazone was inactive but 
otherwise like that of glucose. Alpha and jS-acrose were also made from the 
three carbon compound, acrolein dibromide, by treatment with barium 
hydroxide. 

By methods which cannot be given here Fischer showed that a-acrose 
was dZ-fructose. He made from this the following: D-glucose, L-glucosc, 
d(-“) -fructose, l(+) - fructose, D-mannose, L-mannose. Beta acrose was 
later shown to be dZ-sorbose, a ketohexose analogous to fructose. Since 
glycerol may be made from acetic acid, and this in turn from acetylene, we 
have here a laboratory synthesis of natural sugars from coal, surely a remark- 
able triumph for the organic chemist, 

C — > Acetylene — > Acetic acid — ^ Acetone — > Isopropyl alcohol — > 

Propylene — ^ 1,2,3-Trichloropropanc Glycerol — > Sugar. 

The fact that sugar has been made in the laboratory from formaldehyde * 
has led to the formulation of the theory that in plants the formation of 
starches and sugars is preceded by production of formaldehyde. 

Photosynthesis 

By all odds the most important chemical reaction mechanism in nature 
is that by means of which the carbohydrates are synthesized. Through 
these reactions the plants lay up stores of sugars, starches, and cellulose and 
from the simple sugars synthesize the proteins and fats and other complex 
substances. The reactions are fundamental to man’s existence since we 
obtain our main food supplies thereby. They are fundamental too for the 
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industrial chemical developments of our time. We recognize that not only 
our present food supply dejjends upon photosynthesis, but that to it we owe 
the stores of coal and petroleum accumulated in past ages. 

Despite the vast amount of work devoted to study of photosynthesis 
the mechanism is but imperfectly understood. It is known that plants 
take in carbon dioxide and utilize water and that they give off oxygen. The 
presence of chlorophyll, Wic green coloring matter of the plants, is essential 
and the radiant energy of the sun is the driving force. The chemistry may 
be summarized in the following overall ecjuation : 

6CO2 + 6H2O + 677.2 Cal. -> 6O2 + 

Baeyer originally proposed that the reduction of carbon dioxide produced 
formaldehyde, and that the simple sugars were then formed by condensation 
of the formaldehyde. 

CO. CO + 

CO + H. HCHO Sugar 

Subsequently several investigators claimed to have found formaldehyde in 
green leaves. The fact that certain plants can form starch when immersed 
in weak formaldehyde or acetaldehyde solutions is important in this 
connection. 

” Another form of attack of the problem consists in the illumination of 
solutions of carbonic acid with light of various wave lengths. Carbo- 
hydrates have apparently been made in this way. It is claimed that formal- 
dehyde can be made by illumination of carbonic acid, also claimed that 
illumination of formaldehyde solutions has produced simple sugars. It 
has not been possible, however, to carry on these syntheses on a useful scale 
so as to compete with the plants (also many investigators report negative 
results). Nor can it be said that the reaction mechanism given here has 
been positively confirmed. In fact, recent work using carbon dioxide con- 
taining radioactive carbon does not uphold the theory that formaldehyde 
is a precursor to sugar formation. The radioactive carbon was recovered 
as a constituent of carboxyl group in molecules having a molecular weight 
of about 1000. 

When glucose is oxidized in the body the energy originally stored in the 
compound is released (about four Calories per gram oxidized). Fats have 
a far higher energy content than carbohydrates (about 9 Cal. per gram). 
Thus the oxidation of the foodstuffs is our means of getting life energy from 
the sun. The plant itself receives and uses but a small part of the available 
energy from the sunlight for the making of carbohydrates, since only part 
of the light is intercepted in the first place, and of that a portion is reflected 
from the leaves. If we consider only that part of the light actually absorbed 
by the leaf and finally represented by available carbohydrate, the efficiency 
of the process seems low. But when one takes into consideration the fact 
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that much of the incoming energy was used for the life processes of the plant 
during the growing season, the efficiency proves to be good. 

Whether glucose is the first sugar formed in the plant has not been 
determined with certainly. It is known that plants can utilize glucose 
solution and lay up starch. Also it has recently been shown that, sugar 
cane leaves kept in the dark and supplied with either glucose or fructose or a 
mixture of these, can form cane sugar. Further research may soon supp)ly 
the missing links in the chain of photosynthesis. There is little doubt that 
glucose plays a very important part in the process. 


Hudson’s Rules 

An inspection of the formulas for and /?~methyl glueosides on page SOS will show that the 
only essential difference between them lies in the spaee disposition of the OCH3 gn)ut). They 
are otherwise identical. Likewise in a- and /^-glucose, page 801, the only difference has to do 
with the “glucosidic” OH group. Call the rotation due to the end asymmetric carbon (A) 
and that due to the other four asymmetric carbons (B). Then for one “lactone’’ isomer the 
molecular rotation will be (A) + (B) and for the other ( — A) (B). Their sum is 2(B), their 
difference 2(A). 


Example: 

a-D-dlucose 

Molecular rotation (ISO X 113) ~ 20,840 
/3“D-(llucose 

Molecular rotation (180 X 19) ~ 3420. . . 


Sum Differtuiee 


28,700 10,920 


From the above we get, (B) = 11,880. Now consider the a- and /:?-methyl glueosides. 
(B) will again be the molecular rotation due to the four asymmetric carbons within the mole- 
cule (arrangement identical with that of glucose). The end carbon atom now holds 0(’!Il3 
instead of OH, therefore the rotational effect will be different from the former value; call it (A). 
The molecular rotation of one isomer will be (A) + (B) and that of the other ( — A) -f" (B). 
The sum is 2(B) and if there is any validity to the reasoning employed here, the same result 
should be had as in the previous e.xample. 


Proof: 

a-Methyl-D-glucoside 
Molecular rotation (157 X 194) = 30,460 
^-Methyl-D-glucoside 

Molecular rotation ( — 32 X 194) = —6,200 


Sum 


24,250 


The value of (B) calculated from this is 12,125 which agrees well wdth the 11,880 calculated 
from glucose. Other interesting and practical relationships (Hudson’s rules) reached by 
methods similar to the above are shown in the original papers, which should be consulted. 


Isomerism of Monosaccharides 

As stated on page 339 the number of optical isomers for an active compound is given by the 
expression 2“, where n states the number of asymmetric carbon atoms in the molecule. Thus 
an aldotriose will have two such isomers, an aldotetrose will have four, an aldopentose eight. 
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and so on, the number of optical isomers being doubled for every additional asymmetric 
carbon atom in the compound. The two aldotriose molecules, D and L, will be mirror images 
of each other. Similarly the aldotctroses, aldopentoses, etc., will exist in pairs, each D-com- 
pound having a corresponding L-compound which is its mirror image. Thus for the aldotet- 
roses and higher aldoses and ketoses we have a D-family and an L-family of compounds. 


CONFiaLIllATION OF MONOSACCHARIDES 

It is a relatively simple affair to sketch on paper all the po.ssible space arrangements for H 
and OH in the eight aldopentoses or the sixteen aldohexoses, but to take a given sugar and tag 
it with its proper label is quite another matter. Much of the pioneer work in this field was 
accomplished by Emil Fischer. It is rightly considered as an outstanding achievement in the 
organic chemical field. It is not proposed to review all of this work here, but rather to indicate 
the type of reasoning which is involved by working out the structures of the aldopentoses. 
We will concern ourselves only with the D-family, as the reasoning would be just the same for 
the L-farnily. As a preliminary step the several reactions and concepts to be used in the 
argument will be reviewed. 

(1) It has been shown that glucose by oxidation yields first a monocarboxylic acid (oxida- 
tion of aldehyde group), and next a dicarboxylic acid (oxidation of terminal primary alcohol 
group). The aldopentoses by a, similar sequence of oxidation yield, finally, trihydroxy glutaric 
acids, C0()Il(C:H0H)r,(X)01I. 

(2) The method of lengthening the carbon chain of an aldose sugar is given on page 354. 
When these reactions are carried out t>n a given aldose two new aldoses are produced, having 
H and Oil on carbon #2 in opposite placements.* 



(3) When an aldose forms an osazonc, only the terminal aldehyde group and the secondary 
alcohol group in the next position are affected. If, therefore, two rnonoses give an identical 
osazone, the space disposition of II and Oil for all carbon atoms beyond the first two carbons 
must be the same in each compound. This was brought out previously with reference to 
glucose and fructose. 

Let us begin with the aldotrioses. There are two of these; wc will confine our attention to 
the D-compound only, and by convention we show this with the OH group to the right-hand 
side. When this is treated with HC^N, etc., two aldotetroses will result as shown in the 
diagram on the next page. If each of these compounds is given the IIC'N treatment, the four 
D-aldopentoses will result. 

Above the aldopentoses are shown the dicarboxylic acids formed by their oxidation. It 
will be noted that the acids from 1 and 3 are optically active, while those from 2 and 4 are 
inactive by internal compensation (see page 338). Note also that 1 and 2 will give an identical 
osazone, as will 3 and 4. 


* In the symbols used here, A stands for the aldehyde group, and (" for the terminal primary 
alcohol group. The side lines carrying vertical strokes at the end fehow OH groups; an H 
atom is to be imagined opposite each of these. 
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We may now proceed to examine the actual aldopcntoses. They are called arabinose, 
ribose, lyxose, and xylose. Arabinose and ribose give an identical osazone. Hence they are 
pair 1 and 2 or 3 and 4. The oxidation of arabinose and of lyxose gives acids which are 
optically active; this corresponds to pair 1 and 3. Xylose and ribose give upon oxidation 
dicarboxylic acids which are inactive and not resolvable, hence inactive by internal compen- 

COOH 

COOH 


COOH COOH 



COOH COOH 


COOH 

Dibasic acids 

COOH 




sation; this tallies with pair 2 and 4. liikewise, the acids obtained from xylose and ribose are 
not ideirtical, and this agrees also with our diagram.. 

We have thus shown that xylose and ribose are 2 and 4, and that lyxose and arabinose are 
1 and 3. In neither case could we say which formula of a pair to assign to which sugar. 
The question can be settled as follows: treat 1 and 3 with HCN, etc., to add one carbon to the 
chain, hydrolyze the resulting cyanohydrins, then oxidize the monocarboxylic acids obtained 
to the dicarboxylic six-carbon acids. Formulas of these compounds appear on p. 369. 

It is readily seen that 1 gives an active and an inactive acid, while 3 gives two acids, both 
active. In actual practice arabinose yields two active acids by the treatment outlined, while 
lyxose gives one active a^d one inactive acid. Thus arabinose has the configuration shown in 
S, and 1 stands for lyxose. 
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It has been said that arabinosc and ribosc give an identical osazone. Thus if arabinose is 
shown by formula 3, ribose must be 4. By elimination 2 is xylose. The configuration of the 
aldohexoses is worked out in much the same manner as has been indicated for the aldopentoses. 
The configurations of the ketoses of a given number of carbon atoms follow from those of the 
aldoses of like carbon content, by noting which ketoses and aldoses give identical osazones. 

The delta lactol and gam via lactol forms of glucose are shown on pages 861, 862. Glucose 
can also exist in other ring forms, and beyond doubt all of the monoses shovr this form of 
isomerism, each having several ring structures which, in a solution, exist in equilibrium with 
the open-chain compounds. In such an equilibrium mixture the most stable molecular forms 
would predominate. 

The proof of structure which has just been given rests upon reactions of the aldehyde (open- 
chain) forms of the sugars, and the fact that ring forms also exist has no bearing on the matter. 
The reactions used in this work pertain to the aldehyde form of the sugar, and as this is used 
up by the reagents, the ring forms which are in the equilibrium mixture will revert to the 
aldehyde form, according to the laws which govern such equilibria. 


Disaccharides 

We have noted the ability of the “aklehydic’’ hydroxyl of monosac- 
charides to form ethers with simple alcohols and other hydroxylic com- 
pounds. The synthetic and natural glycosides result from this reaction. 
Similarly this active hydroxyl of a monosaccharide may react with hydroxyl 
group of a second molecule of monosaccharide. Disaccharides and polyoses 
are formed in this way. The union may be between a hexose and a pentose, 
a pentose and a pentose, etc. Since the hexoses are so plentiful in nature, we 
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should expect to find the hexose-hexose type in abundance. This is the type 
which chiefly interests us and the only type to be considered here. 

Table 30. — Constants of Some Monosaccharides 


Name 

D-Erythrose 

irErythrosc 

«-D-Arabmose 

/3-D>Arabinosc 

Eq. Arabirioso 

a-ii-Arabinosc 

/S-L-Arabinose 

Kq. Arabinose 

«-D-Xyl<)S(‘ 

^^-D-Xylose 

Eq. Xylose 

a-L-Xylose 

Eq. L-Xylose 

a-D-Lyxose 

^-D-Lyxose 

Eq. Lyxose 

a-u-Ribose 

Eq. Ribose 

Eq. L-Ribose 

or-D- Mannose 

^-D- Mannose 

Eq. Mannose 

Eq. L-Mannoso 

a-D-Glucose 

j3-D-Glucose 

Eq. Glucose 

a-L-Glucoso 

/3-irGlucose 

Eq. Glucose 

a-D*Galaclose 

^-D-Galactose 

Eq. Galactose; 

a-D-Gulose 

i8-i>Gulosc 

a-D-Fructose 

/3-D-Fructose 

Eq. Fructose 


M.p. Ml) 

..... 

-f 21.5t 

1.59.5 ~ 54.0 

159.5 -175.0 

159.5 -105.0 

159.5 

159.5 4-lSO.O 

1.59.5 +105.9 

145 + 92.0 

- 20.0 

+ 19.0 

153 + 9.2t 

1.53 + lS.5t 

100-7 + 5.5 

117-8 - 70 

105 - 14 

95 

87 

+ 18.8 

1,32 f 34.0 

132 - 17.0 

132 + 14.0 

132 - 14 

146 +113.4 

150 19.0 

52.2 

146 -113.4 

- 19.7 

150 - 51.4 

168 +144.0 

168 + 52 

168 + 80.05 

+ 61.6 

-,20.4 

+34 

105 -133.5 

- 93 



Osazone, 

Epinier 

M.p. 

Threosc 

164 


163-4 

Ribose 

160 


160 


159 


164 

Lyxose 

163 


164 


164 

Xylose 



166 

Arabinose 


Gluco.se 



208 dec. 


205 dec. 

Mannose 

208 dec. 


205 dec. 

Talose 

186 


186 


196 

Idose 

168 


156 


208 dec. 


* Equilibrium value, 
t X = 7580 A. 

Reducing and Non-reducing Disaccharides. When the aldohexose 
(A) unites with hexose (B) it loses its aldehyde properties and in addition 
the lactol ring is ‘‘locked.^’ If molecule (B) reacts with (A) by means of its 
aldehydic hydroxyl then it too loses aldehyde properties; the resulting 
disaccharide is non-reducing. The lactol ring of (B) also is ‘‘locked.” 
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If (B) unites with (A) by using some OH group other than the aldehydic 
group, the latter is free to display its usual reactions. Residue (B) then 
shows reducing properties, can undergo mutarotation, and form an osazone. 
It can likewise form a glycoside with a third molecule. The formulas 
l)elow bring this out. 

Reducing Disaccharide 


OH 

HC=— 1 


HCOH 


xav- 

1 

HCOH 

1 

c 

1 

HCOH ( 
1 

j 

IICOH 

1 

HCOH 

1 


1 

CH 

1 

ni 


1 

HC 


CH 2 OH CII 2 OH 

(A) (B) 


Aldehyde properties absent; Lactol Has potential aldehyde properties; Lactol ring 

ring “locked.” not “locked.” (’an show mutarotation; hence 

the dLsaccharidc cun exist in a and d forms. 


Non-red uci tig Di.saccharide 
H 

0-1 IICOH 


HC 


H(X)H 

1 

HCOH 

I 

HCOII 

I 

lie - 


o 


CH 20 H 

(A) 

Aldehyde properties absent; Lactol 
ring “locked.” 


--C - 

IICOTT 

I 

IICOH 

I 

HC 


O 


CH 2 OH 

(B) 

Aldehyde properties absent; Lactol 
ring “locked.” 


The disaccharides of greatest interest are sucrose, maltose, lactose, and 
cellobiose. Sucrose is non-reducing, the other three are reducing sugars. 
The fundamental difference in structure between the two types as brought 
out above has the consequences shown in the table on page 372. 

These disaccharides are crystalline solids whose solubilities are like those 
of simple sugars. As shown in the table (over) the reducing disaccharides 
have chemical reactions like those of glucose. 

Sucrose. Sucrose, or cane sugar, is a constituent of the sap of many 
trees, notably the sugar maple. Ripe fruits are rich in this sugar. It is 



S72 


TEXTBOOK OF ORGANIC CHEMISTRY 



Forms 1 
glycosid<*s 

Splitting by 
alkali 
(page 35B) 

Fehling 

test 

Osazone 

formation 

Muta- 

rotation 

Sucrose 



1 — 

_ 





Maltose 

-f 


-f 


+ 

T^actose 

+ 

■f 

-f 

-h 

+ 

( cllobiose 


4- 

+ 


+ 


commonly obtained from cane juice or from sugar betds, by a process which 
provides for the precipitation of impurities and colored substances, and the 
partial evaporation of the juice until crystallization sets in. The annual 
world production of sucrose is about 30,000,000 tons, of wdiich about two- 
thirds is from cane and one-third from beets. Principal use is for food, but 
very determined research is in progress to find commercial uses. 

Sucrose is dextrorotatory, but upon hyxlrolysis it yields e(|ual quantities 
of glucose and fructose, the sum of whose rotations is negative. Hence this 
hydrolysis mixture is called invert sugary and hydrolysis of sugar is termed 
inversion* Inversion can be carried out by the use of acids or alkalies; it is 
likewise catalyz(^d by an enzyme, invcrtase, found in certain yeasts.* 
Although sucrose is not directly fermentable, its hydrolysis products are, and 
in cases where invertase an<l zymase both are i)resent, hydrolysis and fer- 
mentation succeed each other, effecting a conversion of the sucrose to carbon 
dioxide and alcohol. 

Sucrose does not respond to tests for the carbonyl group, f and it is for 
this reason assumed that the “aldehydic” groups of both glucose and 
fructose are involved when sucrose is formed by the union of these two. 
The following is a proposed structure of sucrose (Haworth). 



H 

5 

CH2OH 


ck-d-G lucopyranosy 1 
^-D-fructofuranoside 


* The progress of inversion can be followed by noting the changing optical rotation of the 
mixture. By the same method the strength of a solution of sugar may be ascertained. Polar- 
imeters, fitted with a special scale so as to read per cent of cane sugar, are known as 
saccharimeters. 

t Sucrose does not reduce Fehling’s solution or ammoniacal silver nitrate. It does not 
react with hydrogen cyanide, and does not form an osaeone. 
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Sucrose is hydrolyzed by organic or by mineral acids, the speed of 
hydrolysis being proportional to the hydrogen ion concentration. Its 
acid hydrolysis is about one thousand limes as rapid as that of lactose or 
maltose. This is attribuled to the fact that in tlic formation of sucrose two 
‘‘aldehydic** (active) Oil groups took part. 

The alcoholic OH groups of sucrose are able to form salts (example, 
calcium sucrates) and esters. Like the other disaccharides, sucrose forms 
an octaacetate. Sucrose octaacetate is used: to make anhydrous adhesives, 
on paper to make it oil-repcllant; as a denaturant in alcohol. Oxidation of 
sucrose with nitric acid yields oxalic and saccharic acids. When heated to 
about ^00°, sucrose loses water. A brown, syrupy mass called caramel 
results. This is largely used as a harmless coloring material. 

The structures of sucrose and the other disaccharides are learned by 
methylating the OH groups, hydrolyzing the completely methylated sugar, 
and identifying the resulting hydrolysis products. The fructose residue of 
sucrose has the active furanose form, while the glucose residue has the 
])yranose form. Upon hydrolysis the fructose quickly changes to the more 
stable pyranosc form. 

Maltose. Maltose is a hydrolysis product of starch, produced from it by 
the action of an enzyme called diastase, present in barley. The hydrolysis 
of maltose itself, which yields two molecules of glucose, may be caused by 
boiling with acid or alkali, or by the use of the enzyme maltase, which is 
found in yeasts. Maltase splits only a-glucosidcs, hence the conclusion 
that maltose belongs to this group. 

Maltose is a reducing sugar. It reacts with Fehling’s solution and 
forms an osazone with phenylhydrazine; that is it contains a potential 
aldehyde group. The binding of glucose to glucose in its structure involves 
only one aldehyde group, leaving the other potentially free, as illustrated in 
the following formula: 



Maltose, 4- («-D>glucosy 1) -D-glu cose 



One of the chief uses of maltose is for the preparation of infant foods; it is 
also used for fountain drinks (Malted milk), and certain prepared foods for 
adults. 

Lactose* As might be inferred from its name, the source of lactose is 
milk. It is obtained from milk by evaporation, after the separation of the 
fat, and the precipitation of the casein by means of rennet. 

Upon hydrolysis the lactose molecule breaks down into a molecule each 
of glucose and of galactose, an aldohexose whose formula is shown on page 
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362. Lactose reduces Fehling’s solution; hence it is evident that one alde- 
hyde group is not involved in the dihexose union. 

This aldehyde group belongs to the glucose residue, for if we oxidize 
lactose with bromine- water, and then hydrolyze the resulting compound, we 
get galactose and gluconic acid, not glucose and galactonic acid. 


o 


Lactose, 4-0-D-fjalactosyl)-D-glu(H)sc 

Lactose is easily fermented by specific organisms to butyric or lactic 
acids. The latter is commonly made in this way. Like maltose, lactose is 
used to make infant foods. It is employed for making candy, for medicines, 
also as a reducing agent in chemical work. Synthetic lactose was first 
prepared in 1942 by Hudson. 

Cellobiose. Cellobiosc or cellose can be obtained from cellulose (wood 
or cotton) by incomplete hydrolysis. Its hydrolysis gives glucose only, as is 
the case with maltose. However as stated, maltose is split by maltase. For 
this reason it is taken to be an alfha glucoside. Cellobiose on the other 
hand is split by emulsin, not by maltase. It is judged to be a beta glucoside 
(emulsin splits beta glucosides). 

6 


•gluco.syl)-i)-ghicosc 
POLYSACCUARIDES OR POLYOSES 

Starch, cellulose, glycogen, and the dextrins, gums, and pectins are 
included in this group. These arc apparently condensation products of the 
hexoses and other monosaccharides, formed from them by loss of water. 
Starches, gums, and pectins yield sugars upon hydrolysis and also substances 
not related to saccharides. In this group we have galactosans, fructosans, 
etc.; however glucose is the sugar most frequently used. Polyoses are quite 
insoluble in water or they form colloidal solutions, so that the molecular 
weights cannot be accurately measured; however the results secured indicate 
molecular weights of considerable magnitude. Their molecular formula can 
usually be represented as (CeHioOs),. 




Cellobiose, 
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Table 31. — Physical (Constants of Some Disaccharides 


Name 

M.p. 

[a]D 

Phenyl- 

usazone, 

M.p. 

Oct 

M.p. 

aacetate 

[«1d 

(HCCL) 

Sucrose 

170-86 dec. 

4- 66.4 


60 

+ 59.6 

o!- Maltose 

dec. 

-fl68 

206 

125 

+ 122.4 



(c.alcd.) 




Maltose 

.100-5 . 

+118 


160 

+ 62.7 

Equil.-Maltose 


+136 



a-Lactose ' 

223 

+ 00 

200 aec. 

152 

+ 53.0 

/3-Lactose 

252 

+ 35 


00 

— 4.3 

Equil.-Lactose 


+ 55.3 




or-Cellobiose 

225 dec. 

+. 24.4 

208-10 

220 

+ 41 

/3-Cellobiose | 


+ 16 


202 

- 14.6 

Equil.-Cellobiose | 


+ 35 





Table 32. — Relative Sweetness of Sifgars (and Other (k)MPoiiNi)s) 


Fructose 173 

Ethylene glycol 130 

Invert sugar 130 

(ilycerol 108 

Sucrose WO 

Glucose 74 

Mannitol (d) 57 

Sorbitol {(II) 54 

Xylose 40 

Maltose * 32 

Galactose 32 

Lactose 16 

Dulcin* ; 20000 

Saccharin* 55000 


* Aromatic compounds, not related to sugars. 


Starch. Starch occurs in distinct grains in the plants, mainly in seeds 
and tubers where it forms a reserve food supply. Starch granules from any 
one source have a characteristic form; this allows the use of the microscope 
to determine the source of a particular sample. Commercially starch is 
prepared from corn, potatoes, wheat, or rice. 

Starch is insoluble in water, but on boiling the individual cell walls burst 
and a portion is dissolved, forming a milky solution called starch paste. 
This is used as a stiflPenirig agent for cloth, as paste, etc. Raw starch or 
newly made starch paste gives a brilliant blue color with the slightest trace 
of iodine; on prolonged boiling of starch paste with mineral acids, it is 
progressively broken down to mixtures of simpler substances called dextrins. 
(When starch is hydrolyzed by diastase the hydrolysis product is maltose.) 
Dextrins are also made by heating dry starch to about ^00®. 
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Starch does not reduce Fehling’s solution and does not react with phenyl- 
hydrazine. It does not resinify when heated with alkali. Evidently no 
free carbonyl groups are present. Upon hydrolysis of starch the color 
obtained with iodine changes, with increasing degradation, from blue to 
various shades of red; finally no color is obtained with this reagent. It has 
been proposed that the hydrolysis liberates maltose units progressively, 
leaving a series of de?ctrins of lessening molecular weights as indicated in 
tabular form below. 


Glucose 


/ 

Maltose 

Starch — ^ 

Amylodextrin — 

(Blue with I 2 ) (Blue with I 2 ) 


Glucose 


/ 

Maltose 


Glucose 

Maltose 


Erythrodextrin 

I Achroodextrin 

(Red with I 2 ) \(No color) 

Maltose 
\ ^ 

Glucose 


The differing colors with iodine may or may not indicate the presence of 
definite dextrin compounds. The chemistry of the dextrins somewhat 
resembles that of the simple sugars; they have reducing properties and react 
with phenylhydrazine. The first distinct chemical compound produced 
by the hydrolysis of starch is maltose, and continued hydrolysis breaks this 
down into the final product glucose: 

(CeHioOo), + (X - 1)H20 XCcHi206 

Both starch and the dextrins show the presence of OH groups in their reac- 
tions with acids to form esters. Nitrates and also acetates of starch are 
known and several find a commercial application as explosives and adhesives. 
Dextrins also function as adhesives; a common use is for the mucilage on 
postage stamps. 

Structure of Starch. A tremendous amount of work has been done 
and is now going forward with the object of obtaining the structural formula 
for starch. Much has been learned but still more remains to be discovered. 
Starch occurs in two modifications, alpha amylose and beta amylose. The 
alpha amylose is an insoluble substance, found as the outer envelope of the 
starch grain. Beta amylose or granulose, which forms the bulk of the starch 
granules, is soluble. These may or may not be distinctly different chemical 
substances. Small amounts of the higher acids (palmitic, oleic, linoleic, 
linolenic) are found associated with alpha amylose in several starches, also 
phosphoric acid. 

On the basis of the hydrolysis experiments which give a yield of maltose 
of the order of 80%, and in view of the isolation of molecules related to 
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maltose and having a small number of monosaccharide units, it has been 
suggested that starch is built up of maltose units united in glucoside forma- 



Fig. 60 . — Raw sugar storage. {Ind. and Eng. Chemistry?) 


tion. The molecular weight was set at about 5000 and the number (x) at 
about 22 to 28. 



-*x 

Starch 


More recently the opinion has been expressed that the chains in the 
formula of starch under consideration contain from 100 to 700 glucose units. 
Another formula of starch is also proposed, in which from 500 to 2000 
glucose units are involved, with branches at about every 25th glucose unit* 
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Inspection of the formula sholk^s that branching could occur at the exposed 
#6 carbon atom of any glucose unit. 

Starches arc used as food, in laundry work, in medicine, in toilet articles, 
food preparations, candy; to make glucose, explosives, etc. Glucose is 
made (about one-half million tons a year) by hydrolysis of starch with dilute 
sulfuric acid. 

Glycogen, or Animal Starch is formed in the liver and muscles as a 
reserve food supply which can quickly revert to glucose in emergency. 
Like starch it is a white powder, odorless and tasteless. With iodine it 
gives a red color. Its hydrolysis gives glucose. The molecular weight is 
about 2000 and a formula like that of starch has been j)roposed, (x) being 
10. It is dextrorotatory. It does not reduce Fehling’s solution. 

Inulin is found in many plants. It is hydrolyzed to o-fructosc. Its 
molecular weight is about 5000, and it is supposed to be made up of 30 fructo- 
furanose rings in linear order (see starch structure). The compound is 
levorotatory. It does not reduce Fehliiig’s solution. With iodine it gives 
a yellow color. Since fructose is sweeter than glucose there is much interest 
in the cultivation of the artichoke, from which inulin may be obtained. 
There is also the prospect of cheap ])ower alcohol if artichoke cultivation 
proves successful at a low cost. 

Gums. Gums are not true polyoses, but are built like glycosides. 
Hydrolysis yields xylose, arabinosc, galactose. Gum acacia (gum arabic) 
is used ill pharmaceutical work (tablet and pill making), also as an adhesive. 
Gum tragacanth is used as an emulsifier and adhesive. 

Mucilages. Agar-agar is well known. Its hydrolysis gives galactose, 
possibly other sugars. As it is iion-digestible, odorless, and tasteless, and 
has the property of swelling when placed in water, it is used to furnish 
‘‘bulk” in treatment of constipation (Petrol-Agar, Agarol, Agarex). 

Pectic Substances. By “pectin” we mean a water-soluble substance, 
obtained commercially from apples or lemons, which with sugar and acids 
in proper ratio will set to a jelly. Certain fruits can form jellies without 
difficulty but others, deficient in pectin, cannot. In such cases commercial 
pectin may be used. The group includes “pectin” (water-soluble), and 
other substances which are water-insoluble. Much research has been 
devoted to the study of pectin, and not a liiile has been learned of the possi- 
ble structural make-up. For lack of space this must be omitted. Pectin 
solutions have recently been used to promote growth of healthy tissue in 
wounds, while suppressing the growth of bacteria. 

Cellulose. Cellulose is found in the framework of plants and in wood, 
and is thus very widely distributed in the vegetable kingdom. In wood the 
fibers of cellulose are cemented together by ligninSy substances whose 
chemical nature is not yet known with certainty. Cotton wool is practically 
pure cellulose, as is linen which has been carefully washed. Ollulose, like 
starch, is a condensation product of glucose, for on prolonged treatment 
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with sulfuric acid, dextrins and finally gludlse may be produced from it. 
Like starch and the sugars cellulose shows the properties of an alcohol, form- 
ing esters with both mineral and organic acids. Several of these will be 
referred to in a later paragraph. 

Chemical Reactions of Cellulose. (1) Cellulose is soluble, apparently 
without much chemical change, in various rather unusual mixtures of 
reagents, such as: 

(a) Hydrochloric acid with zinc chloride. 

(b) Ammonium hydroxide with cupric hydroxide (Schweitzer^s rcagen t) . * 

(c) Various “onium” compounds, both bases and sails (ethyl tributyl 
ammonium hydroxide). 

(2) Cellulose shows the behavior of an alcohol in the following reactions: 

(a) Treated with sodium hydroxide and carbon disulfide, it forms a 
xanthate. Indicating the cellulose residue by 11, the formula for a 
xanthate is: 

S 

II 

11(0— C— SNa), 

It is also soluble in ethyl hydrogen xanthate. 

(b) In formation of cellulose esters (nitrates, acetates) it is noted that 
the “highest” esters obtainable have three acid groups to each six 
carbon atoms, hence the conclusion that there are three free OH 
groups for each glucose unit. 

(c) Cellulose forms ethers. 

(d) Sodium hydroxide of moderate strength yields sodium cellulose. 

Mercerization, Parchment Paper, Treatment with strong alkali causes 
cellulose to swell and become somewhat translucent. The process of 
treating cotton with alkali to improve its appearance is called Mercerization 
after the name of its inventor, Mercer. Parchment paper is formed when 
pure cellulose sheets are momentarily treated with dilute sulfuric acid, 
washed and dried; the paper is tough and somewhat translucent. 

(3) Oxidation of cellulose with nitric acid gives oxalic acid. 

(4) When distilled destructively, cellulose gives acetone and acetic acid, 
CO 2 , CO, methane, ethylene, tar. 

Heinicelluloses, These are found in various seeds like peas, coffee, and 
others. They are similar to cellulose, but when hydrolyzed several different 
hexoses and also pentoses are produced. 

Cellulose Structure. Persistent research is being devoted to the prob- 
lem of cellulose structure, but it presents great difficulties, due in part to the 
complexity of the molecule, and as well to the insoluble and intractable 
nature of the substance. According to present theory the cellulose molecule 

* Cellulose regenerated from such a solution is used as “Cuprammonium Rayon.*^ 
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a long chain formed from Pucose (pyranose form) by loss of H and OH 
at the 1 and 4 positions respectively. Incomplete hydrolysis of cellulose 
gives cellobiose (page 375). This is a condensation product of /3-glucose, 
whereas maltose, building unit of starch, is formed from a-glucose. In 
other words, starch has a-glucoside unions, cellulose has some /3-glucoside 
unions. 

Carothers has called attention to the ability of a compound of the type 
x-R-y (x and y are groups which can react with each other) to form a linear 
polymer of the type . . . x-R-z-R-z-R . . . The “repeating unit’* for 
cellulose would be: 



that part of the above-pictured molecule lying between the dotted lines. 
The formula for a portion of a cellulose molecule is then: 



The length of chain varies with different molecules (100 to 200 hexose units, 
molecular weight 20,000 to 40,000),* in other words we cannot assign a 
definite molecular formula to cellulose. The molecules lie side by side in a 
cotton fiber, being held laterally by residual valence forces. Considerable 
overlapping of molecules occurs, and if individual molecules have a length 
of at least 1000 Angstrom units (molecular weight at least 12,000) a con- 
tinuous fiber can be made from them. 

Cellulose Derivatives 
Esters 

Cellulose Nitrates. Several nitrates of cellulose are known, the extent 
of esterification depending upon the concentration of acid employed and 
time of its action. They are extremely combustible and, unlike cellulose, 

* Very much higher values of molecular weight are obtained by the use of the ultra- 
centrifuge. With this method values up to 500,000 have been obtained for purihed cellulose. 
For description of the method, see references 10, 11, and 12 of the Protein Chapter, 
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are soluble in organic liquids such as alcohjiand ether, from which they 
may be precipitated as a tough film. 

Nitrates of cellulose are made by the action of mixed acid (H2SO4 and 
HNO3) on purified cotton linters (fuzz which adheres to cotton seeds after 
passing through the cotton gin). Maximum esterification, three acid groups 
for each six carbon atoms, would yield a product with 14.17% nitrogen. 
The products obtained are not completely esterified and have a smaller per- 
centage of nitrogen. 

Guncotton (12-14% N) explodes too rapidly to be used as a propellant 
explosive (sec page 201). To prepare it for such use in smokeless powder 
it is dispersed in an organic solvent (acetone, alcohol, ether) then extruded 
through dies to make perforated rods, from which the solvents are removed 
by evaporation. The rate of burning of the perforated pieces is a function 
of the surface exposed; this depends also to some extent on the character 
of the perforations. 

Cordite is guncotton to which nitroglycerol, acetone, and vaseline have 
been added. A stabilizer (see page 461) is added to such explosives to 
prevent accumulation of deleterious nitrogen oxides which form in storage. 

Pyroxylin (about 12 % N) . Pyroxylin burns more rapidly than untreated 
cotton, but is not explosive. It is dissolved in various solvents to form 
colloidal solutions which have a wide variety of uses. 

Lacquers, In the familiar lacquers the pyroxylin is dispersed, togetlier 
with pigments and plasticizers, in a mixture of organic solvents (esters, 
toluene, alcohols) which will evaporate at the proper rate to insure the set- 
ting of a firm elastic coat. Such lacquers are used for furniture, automobiles, 
interior woodwork. The lacquer coating of paper for wrapping purposes, 
especially for food products, gives the paper a better appearance, at the same 
time increasing its resistance to water, grease, and oil. 

Plastics, Pyroxylin is blended with suitable plasticizers and coloring 
agents to obtain a product of the proper color and consistency. A mixture 
of the lower nitrates of cellulose with camphor is well known to the public 
under the name of celluloid. Pyralin is made from sheets of celluloid 
cemented under pressure, then cut across to give a striated appearance. 

Collodion is pyroxylin in alcohol and ether. It is easily prepared as a 
laboratory exercise in the elementary course. It is a handy adhesive and 
coating substance, formerly much used to close small cuts and wounds. 

A rtificial Leather . Cloth is coated with a quick-drying pyroxylin lacquer , 
is dried, then run between rollers which impart to the surface the charac- 
teristic markings of the leather being imitated. 

Cellulose Acetate is easily made by treating cellulose with acetic acid, 
acetic anhydride, and a little sulfuric acid (catalyst). It is a white solid, 
asbestos-like in appearance. Several acetates are recognized. Like the 
nitrates they are soluble in organic solvents, but are not explosive nor more 
combustible than untreated cellulose, in which respect they differ from the 
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! titrates. Cellulose acetates §|iiow greater stability to light and heat than 
he nitrates, with a smaller tendency to discolor on aging. 

Cellulose acetate is capable of being spun into fine threads for the making 
if a silk-like cloth (Celanese). For this purpose it is dissolved in chloroform 
4r other organic solvent, and the solution forcc.'d through fine openings into 
4 chamber in which the S(ivent is quickly evaporated from the emerging 
Maments leaving them as hardened threads. 

^ Cellulose acetate is also used for “safety film,’’ as a molding material 
(resin) and (because it transmits ultraviolet light) as a substitute for glass in 
greenhouses. Another use is for the making of safety glass. Mixed esters 
of cellulose such as the nitroacetate combine the desirable features of acetates 
and nitrates. Several such esters are used. 

Cellulose Xanthate. Purified wood pulp which has been changed to 
sodium cellulose by treatment with sodium hydroxide and aged, is treated 
with carbon disulfide to form cellulose xanthate (see page 380). Cellulose 
xanthate passes into solution as viscose upon treatment with sodium 
hydroxide solution. After a period of aging, the viscose is used to form 
threads or sheets. For Rayon making the solution is forced through fine 
holes in a die into a bath which regenerates the cellulose. Weaving and 
dyeing follow. In making Cellophane the viscose is forced through a narrow 
slit into the hydrolyzing bath where the cellulose is regenerated. Glycerol 
is incorporated for flexibility. Moisture-proof Cellophane is coated with a 
lacquer. Sausage casing is now being made by a process whose chemistry 
is similar to that for Cellophane. By trapping air in regenerated cellulose 
a series of cellulose bubbles may be formed; the invention has been given 
the name “ Bubblfil.” This material is to be used as replacement for kapok 
in cushions, life-rafts; as an insulator in sleeping bags. An indication of the 
increasing use of Cellophane is afforded by prices of the product. 

Cellophane (per Pound) Moisture-proof Cellophane (per Pound) 

1924 2,65 1927 1.60 

1936 0.35 1936 0.46 

Ethers 

The use of these compounds is relatively recent. For their production 
cellulose is treated with a base to form alkali cellulose which is next heated 
with an alkyl halide or alkyl sulfate. More recently ethers have been made 
by treating cellulose, dissolved in a tetraalkylammonium hydroxide, with a 
dialkyl sulfate or alkyl halide. 

Ethyl cellulose and benzyl cellulose are well known. The former is 
soluble in many types of solvents and compatible with many plasticizers 
and resins. Uses for ethyl cellulose include paper sizing, adhesive use, use 
in printing inks, in certain soaps, in synthetic resins. Its chief advantage 
appears to be its solubility in cheap solvents (water, alcohol, toluene), its 
extensive compatibility and its stability to light, heat, and chemical action 
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by acids and bases. It has recently been introduced as a transparei^i 
wrapping material. 

Any discussion of the direct uses of cellulose must not lose sight of ilfc 
tremendous consumption in the form of clothing, rope, string, thread, woo§, 
and (last but not the least- of these), paper. 



Fig. 61 . — Viscose Rayon spinning machine. {Du Pont Company.) 


Much effort has been expended to enhance the value of cotton, particu- 
larly for textile use. Chemical methods to improve appearance include 
treatment with copper oxide in ammonia, or with strong sulfuric acid. 



Fia. 62. — Desk stand with base of “Plastacele” cellulose acetate plastic and pen barrel of 
“Pyralin’* cellulose nitrate plastic. {Du Pont Company.) 

Finishes are applied by impregnating cotton with viscose or cellulose 
ethers, and then fixing the material on the cotton base by the usual regenera- 
tive treatments. Another development consists in impregnating cotton 
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with synthetic resins of the urea-formaldehyde type. Rayon impregnated 
with urea and formaldehyde solution, and then pressed between heated 
rollers while the resin forms, acquires a permanent wool-like texture. New 
uses for Rayon are found daily, and production is being increased as rapidly 
as possible to meet the enlarging demand. The 1938 production in this 
country was about 400,000,000 pounds. Much larger amounts are now in 
use. 



(yhart of hydrolysis proiiuets. 


(^VllBOHYDUATE DaTA (U.S.A.) 


Annual corn grind 

Acres (40 bushels/acre) 

Yield of starch 

Yield of glucose 

Yield of syrup 

Dextrin, oil, other products 


00 to 80 million bushels 

2,000,000 acres 
000,000,000 pounds 

400,000,000 pounds 

1,000,000,000 pounds 
> 100,000,000 pounds 


Rayon Data (1935) Approximate 

Linters used 

From acres, cotton 

Wood cellulose 

Glucose 

Rayon price, pound, 1924 

1936 


75.000. 000 pounds 
4,700,000 acres 

175,000,000 pounds 

50.000. 000 pounds 
J^2.00 

0.57 


Increase in U.S.A. Production, 1921-1940 


Cotton 

Wool 

Silk (World) 
Rayon 


50% 
55% 
95% 
over 3000% 


Historical Data 


1660 Glucose from honey. Glauber. ^ 

1747 Discovery of sucrose and glucose in beets. Marggraf. 

1791 Glucose from diabetic urine. Frank. 

1811 Hydrolysis of starch to glucose. Kirchhoff. 

1814 Iodine test for starch. Colin and Gaultier. 
Quantitative analysis of cane sugar. Berzelius. 

1815 Reduction of copper salts by glucose. Vogel. 

Biot notes optical activity of sucrose. 

Fermentation of glucose. Gay-Lussac. 

1817 Glucose optically active. Biot. 

1819 Glucose from cellulose. Gay-Lussac. 

Maltose from hydrolysis of starch, De Saussure. 
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1828 Quantitative analysis of glucose. Dc Saussure. 

1833 Dextrin from starches. Biot and Persoz. 

1846 Mutarotation of glucose. Dubrunfaiit. 

1847 Maltose from enzymatic hydrolysis of starch. Duhnmfaul. 

1849 Fehling’s solution. 

1856 Isolation of galactose. Pasteur. 

1861 Forrnose from formaldehyde. Butlerow. 

1863 Glucose an aldehyde-alcohol. Berlhelot. 

1864 Baeyer formaldehyde theory. 

1868 Celluloid. Hyatt. 

1872 Synthesis of glycerol from acetic acid. Friedel and Silva. 

1875 Phenylhydrazine. E. Fischer. 

1883 Ring formulas for sugars propose.<l. Tollens. 

1884. First synthetic fiber. (Nitrocellulose) (’hardormet. 

1885 Kiliani reaction. 

1885-1894 Important work by E. Fischer. 

1887 Acrose synthesis. Fischer and Tafel. 

Osazonc reaction. Fischer. 

Arabinose proved a pentose. Kiliani. 

Mannose from mannitol, b'ischer. 

1889 Xylose recognized as a pento.se. Wheeler and Tollens. 

1890 Isomaltose synthesis. Fischer. 

Synthesis of glucose. Fischer. 

Mannose and fructose synthesis. Fischer. 

1893 Methyl glucosides. Fischer. 

1895 Lobry de Bruyii transformation. 

1903 Hydrolysis of methyl glucosides to glucoses. Armstrong. 

Methylation of sugars. Purdie and Irvine. 

1907 Alkaline oxidation of glucose. Nef. 

1915 Methylation of sugars. Haworth. 

1916-19 Work by Fischer. 

1917 Cellulose acetate fiber. 

1923 Structures of monosaccharides. Haworth, Hirst, Irvine. 

1925-' Studies of carbohydrate oxidation. Evans. 

1927 Synthesis of malto.se. Pict6t. 

1942 Synthesis of lactose. Hudson. 

1942 Synthesis of cellobiose. Hudson. 

See also the historical list in the Appendix, p. 800. 

REVIEW QUESTIONS 

1. Draw projection formulas similar to those on page 337 for a-aminopropionic acid; for 

2,3-dibromobutane. How many isomers could exist for the latter compound ? 

2. Indicate the asymmetric carbon atoms (if any exist) in the following compounds: 

(a) CH 2 OH CHOH CH 3 ; 

H 

(b) CH20H.CH0H CH0H C==0; 

H 

(c) CH20H CH2 C== 0 ; 



(d) ClaC-C 

CHjOH 
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3. Summarize in the form of a chart or table the behavior of the following compounds (Starch, 

Lactose, Maltose, Sucrose, Glucose, Fructose) with regard to: (a) taste; (b) solubility in 
water; (c) action as a reducing agent; (d) products of hydrolysis; (e) fermentation. 

4. Show by eciuations how an aldohexose may be formed from arabinose. 

5. Write equations showing (a) the change of arabinose to an aldotetrose; (b) to a ketohcxosc. 

6. Write a set of equations showing how: (a) glucose may be converted to fructose; (b) 

glucose may be formed from fructose. 

7. What chemical reactions prove the presence of OR groups in starch? 

8. By what properties and t,t‘sts could the following compounds be distinguished from each 

other: 

(a) sucrose and glucose? 

(b) sucrose and jnaltose? 

(c) glucose and fructose? 

0. What was the early signilicance of the term “carbohydrate”? What is its present 
significance? 

10. Give in tabular form the schetne of classification of I he carbohydrates; include a graphic 

formula for an example of each type of sugar in the table. 

11. Review the proof of the structure of glucose (omitting that part having to do with the 

assignment of space positions to R and OR). 

12. Give the proof of the structure of fructose, except that part which deals with the space 

position of 11 and OR. 

13. What is a glucoside? Row do we explain the existe nce of the «/p//a and hria gliH'osides? 

14. List the esters of cellulose which find commercial uses; make an exhaustive list of such 

applications. 

15. ^ An aldohexose and ketohcxosc form an identical osazemc. What inference may one draw 

from this fact? 

16. When two aldohexoses form an identical osazone, what is the relationship between them? 

How may one be converted to the other? 

17. How may one make guloso from xylose? 

18. Why is it more desirable to use the prefixes n and l to show" relationships of sugars than to 

show the actual optical rotation ? 

19. Explain the meaning of the following letters when iirefixed to the name of a sugar, (a) 

ds (b) D-; (c) D(-f)s td) L(-l-)-; (e) d/-. 

20. Look up in a biochemistry text the composition of Benedict's solution and Barfoed's 

solution. Which of the three, Fehling, Barfoeil, or Benedict, should cause the most pro- 
found changes (fragmentation) in glucose? 

21. Write formulas for: /^-furanose form of glucose; a-pyranose form. 

22. Suppose you had isolated a new aldehyde monosaccharide from a plant called fragaria 

vesca. What w"ould you call it? Outline the research which would be needed to classify 
it among the sugars and learn its formula. 

23. Write projection formulas for the following sugars: L-inannosc, L-arabino.se, L-galactose, 

L-lyxose. 

24. What aldoses are epimeric with the following: mannose, ribosc, idose, allose? 

25. Explain why it is possible for all c-arbohydrates to give the Molisch test. 

26. Name four separate industries whose chief raw material is carbohydrate. 

27. Account for the fact that glucose is a stronger acid than hexyl alcohol. 

28. Trace the possible change of glucose to fructose in a plant. Is the change quantitative? 

29. What evidence have we that monosaccharides exist in ring forms? 

80. Write projection formulas for a and /3-methyl glucofuranosides; of tctramethyl-a-methyl 
glucopyranoside and its hydrolysis product, tetramethylglucopyranose. 

31. The 'synthesis of glycerol from carbon is indicated on page 364. Write complete equations 
for the steps shown. 
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34. Show an aldol condensation between glyceraldehyde and dihydroxyacetone, which yields 

fructose. 

33. Indicate by the use of a graphic formula how it is possible for a reducing disaccharide to 
form a glycoside, 

84. Can a non-reducing disaccharide display mutarotation ? Why? 

35. Show by the use of the graphic formula why sucrose cannot form a glycoside. 

36. Name six men who have made contributions to the chemistry of sugars. Name contribu - 

tions by Emil Fischer. 

37. Glucose and fructose give an identical osazone. Use this fact to show that the carbonyl 

group is at number two position in the fructose chain. 

38. Mild oxidation of glucose yields an acid with six carbons and twelve hydrogens. Use this 

fact to prove that the oxidation affected an aldehyde group and not a primary alcohol 
group. 

39. Discuss the preparation and uses of: (a) Cellulose acetate; (b) Pyroxylin; (c) Celluloid; (d) 

Collodion; (e) (’aramel. 

40. Give uses of the following reagents in connection with carbohydrate chemistry, (a) 

Nitric acid; (b) Phenylhydrazine; (c) Fehling solution; (d) HCN; (e) Acetic anhydride; 
(f) Carbon disulfide and sodium hydroxide, 
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CHAPTER XX 


AROMATIC HYDROCARBONS 

Introduction. The substances considered ui> to this point in our study 
belong to the group called aliphatic compounds. This name, derived from 
a Greek word signifying fat, was given to the group as a whole, because the 
fats and fatty acids of this group were among its first members to receive 
careful study; likewise the fats formed the source from which a number of 
the derivatives of this group could be prepared. 

At the time we are considering, organic chemists were aware of another 
class of comi>ounds, mainly of vegetable origin, whose members showed 
different properties from those associated with aliphatic substances. Due 
to the pleasant odors of many of these (oil of wintergreen, bitter almond oil, 
turpentine, etc.) they were known as aromatic compounds, a name which 
has been retained, although not with its original significance, for we now 
know of many aromatic compounds which are practically odorless, while on 
the contrary a number of the aliphatic series (among the esters, aldehydes, 
etc.) have fragrant and pleasant odors. 

The chief distinction between the two series is a structural one; the ali- 
phatic compounds possess an open-chain structure, while we shall find that 
the aromatic compounds have ring structures (closed chains). See footnote, 
page 409. 

Some ring compounds have already received attention, among them cyclic anhydrides, 
lactones, sugars, etc. Such examples differ from the true aromatic compounds in that their 
rings are easily broken and reformed. They lack the stability of structure which belongs to 
the aromatic compounds. 

Importance of Benzene. As methane forms the parent substance from 
which the aliphatic series may be derived, so we shall note a similar relation- 
ship between aromatic compounds and the substance Benzene, whose 
molecular formula is CeHc. This was first shown when the aromatic com- 
pounds were oxidized or otherwise broken into simpler substances. Benzene, 
CeHe, Picric acid, C6H2(N02)3(OH), and other compounds having six or 
more carbon atoms were thus produced. Further chemical action was 
either without any result, or it produced a complete breakdown, yielding 
carbon dioxide, water, etc. Kckule embodied these results as follows: 
“The simplest aromatic substances contain at least six atoms of carbon,’^ 
The strategic importance of benzene as the nucleus of the aromatic com- 
pounds was established by this early work and has been confirmed by later 
experimentation* Benzene itself was isolated from oil gas in 18^5 by Para- 

3 ^ . 
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day, and in 1842 it was found in coal tar by Leigh. (Separation from 
coal tar, 1845, Hofmann.) 

Structure of Benzene 

Any effort to place benzene among the aliphatic compounds is checked at 
once upon consideration of its chemical properties. Its formula, Celle 
(type formula CaH 2 n- 6 ), indicates great unsaturation in case we assume an 
open-chain arrangement of its carbon atoms. The following formulas might 
be tentatively assigned: 


HCiCCH2Cn2C:CH 

(1) 

HsCCiCOiCCIIa 

(2) 

H2C:C:CC;€:CH2 

(3) 

HH 


however, none of these will answer as a formula for benzene, because each of 
them indicates a compound which is easily oxidized and which will readily 
add such reagents as bromine, hydrogen iodide, or hydrogen chloride. 
Benzene, on the contrary, resists oxidation to a marked degree; moreover it 
adds halogens only under special conditions, and does not react with hydro- 
gen iodide, hypochlorous acid, and other agents easily taken up by aliphatic 
unsaturated com pou n d s . 

Benzene reacts with chlorine or bromine by substitution, as would be true 
of a saturated aliphatic hydrocarbon: 

CeHe + Br 2 HBr + CeHsBr 

It is notable that one and only one monosubstitution product may thus be 
formed. No matter how the reaction is carried out, one and the same 
monobromobenzene results. This goes to show that all six hydrogens of 
benzene are equivalent. Either (1) or (3) of the tentative formulas given 
above would allow more than one monosubstitution product. A substance 
answering to formula (1) has been found. It is dipropargyl, a compound 
entirely dissimilar to benzene. Dipropargyl behaves in accord with its 
structural formula, being easily oxidized, and adding bromine readily to 
form CeHeBrg. When benzene adds bromine the compound CeHeBre is 
formed. If benzene had an aliphatic structure it should form CeHeBrg 
when saturated with bromine. 

Kekule Formula. In 1865, Kekule proposed a ring structure for benzene 
as shown at the top of p. 395. The six carbons are shown united to form 
a hexagon. Each carbon bears one hydrogen atom, and is joined to neigh- 
boring carbon atoms by alternate single and double bonds. 

This formula satisfies the experimental fact that only one form is known 
for any monosubstitution product of benzene^ in that it shows all the hydrogen 
atoms as equivalent. Another experimental finding is likewise predicted by 
this formula, namely, disubstituiion products of benzene exist in three forms* 
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H 

c 

/ \ 

HC CH 

II I 

lie CH 

\ ^ 

C 
H 

Kekule formula Fig. 63. — Space model of Kekule formula. 

For if we let X represent a certain group substitued for hydrogen of 
benzene, the following graphs show that three different structural forms are 
possible : 


XXX 



X 


Many years of laboratory work with benzene have failed to show any 
instance in which more than three forms of a disubstitution product of 
benzene have been prepared. 

* Objections to the formula of Kekule center about its possession of double 
bonds. Facts drawn from a study of aliphatic compounds argue that such 
a structure predicts reactions of the olefin type; therefore other structures 
have been proposed which seek to avoid this difficulty. Among these are 
the following: 

Fig. 64. — Diagonal formula Fig. 65. — Prism formula of Fig. 66. — Centric formula of 
of Claus, 1867. Ladenburg, 1869. Armstrong and Baeyer, 1892. 

Fig. 67. — Para bond formula 
of Dewar, 1867. 
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Notwithstanding the value which certain of these formulas possess,* the 
Kekule formula is generally accepted and used by chemists. It is ordinarily 
written without printing the carbon and hydrogen atoms or indicating the 
double bonds, i.e., when the hexagon alone is printed, Celle is understood, 
while if another atom than hydrogen appears at any point, this indicates 
that the corresponding hydrogen has been substituted by the atom shown 
in its place. The formulas below will make this clear. 


is Celle 

v * 


Br 


is CoUsBr; or PhBrf 

v 


For the most part we shall print the symbol Celle to represent the benzene 
ring, as it takes much less room than the ring. Where needed, for the sake 
of clearness, the ring will be used. 

The student will see that we are justified in our use of the abbreviated 
formula for benzene, because of the great stability of the ring. In most of 
the reactions to be studied, the ring itself is absolutely unchanged. There- 
fore it becomes a matter of indifference whether or not the formula used 
accurately shows every particularity of structure, and time is saved by 
simplification. 

Further Objections to Kekule Formula. Objections have been raised 
to the Kekule formula for benzene because it predicts the existence of 
benzene derivatives which have never been discovered. For instance, 
two compounds like the following should exist: 


Br Br 

J\Br /\Br 




differing from each other in that in one compound a double bond joins the 
carbons holding the bromine atoms, while the other compound has a single 
bond at this point. No such isomers had ever been made. Kekul6 coun- 
tered this objection by stating that the double bonds are not static, but are in 
continual oscillation between the two positions shown in (1) and (i) below: 


V V 

( 1 ) ( 8 ) 


* The student should understand that the “benzene problem** is not yet solved. New 
proposed structures appear periodically and the total literature bearing on this subject is 
immense. 

t The Greek letter ^ is sometimes used to represent the CeH# (Phenyl) group. Ph has the 
same significance. 





Paul Ehrlich. (1854-191 5» German.) 
Ehrlich coined the word chemotherapy 
for the selective action of chemicals on 
germs. He pioneered in this study, 
producing among other curative com- 
pounds Trypan blue for sleeping sickness 
and salvarsan for syphilis. He received 
the Nobel prize in 1908. See ./. Soc, 
Chem. Ind., 34 , 893 (1915); also this book, 
page 603. 


Bmchte , 49 . 1923 (1916). 
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The Armstrong and Baeyer formula would represent a transient condition 
during this oscillation. 

This oscillation theory does not, however, tells us why benzene behaves 
as a saturated compound; the formula of Thiele attempts to (explain this, in 
calling attention to the fact that benzene has conjugated double bonds 


Fig. 69. — Structure of benzene showing eon- I'lG. 70. — l*jirlial valence 

jugaled double bonds and partial valence. neutralized. 

(page 62). The partial valence of the alternate carbons is presumed to be 
neutralized in benzene just as in other systems of conjugated double bonds. 
Since the free partial valence disappears on such neutralization, benzene 
should not behave like an ethylene compound. 

This explanation is not entirely adequate. It predicts that other ring 
hydrocarbons with alternate single and double bonds (conjugated) would 
behave like benzene. Willstiitter announced in 1911 the preparation of 
cyclooctatetrene, to which he assigned the following structure. This sub- 
stance behaves like a highly unsaturated compound. If we could be sure 
of the formula given here, it might be possible to use this chemical evidence. 
However Hurd (1939) has challenged the reliability of this formula and it can 
no longer be accepted as correct. 

H H 

HC— C=C— CH 

II II 

HC— C=-C— CH 

TI H 

1 ,.S,5,7-Cycloiictatelreno. 

It is now believed that the stability of benzene is accounted for by the fact 
that the molecule displays resonance. 

Resonance, There are many organic compounds for which two or more 
graphic formulas can be constructed, which are practically equivalent so 
far as concerns the positions of the constituent atoms, differing from each 
other only in the electron distribution. An acid ion may be taken as an 
example : 

O- o :0:- :0: 

1 II •• .. :: .. 

R— C=0?=iR— C— O- or R:C: :0 ^ R:C:0:- 

Here the only difference between the two structures has to do with the 
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possession of the double bond by alternate oxygen atoms. A system of 
this kind will exhibit resonance; its actual structure is not that indicated 
by any one of the graphic formulas mentioned, but partakes of the nature 
of each of them. If a formula could be drawn it would indicate that the 
molecule has a form intermediate between those shown by the several graphic 
formulas. 

Resonance and tautomer ism are to be carefully distinguished from each 
other. Tautomerism implies the simultaneous existence of two molecular 
forms in eciuilibriiim with each other. Cases are known in which each form 
may be isolated. In case of resonance only one molecular form exists, and 
this differs from the possible forms which correspond to ordinary graphic 
formulas solely in the placement of the electrons and in the distances between 
certain atoms. 

There are several consequences from the resonance: (1) the molecule is 
more stable than would be expected from ins]>eetion of the ordinary graphic 
•formula. For example, aldehydes ami ketones are not hard to reduce, but 
acetic acid, which also has a carbonyl group, is difficult to reduce. (2) In a 
resonating molecule the distance between atoms is lessened. If a C — C 
union resonates between single and double bond, the C — C distance is less 
than that normal for a single bond and will a])proach that spacing which is^ 
normal for a double bond. Since the measurement of interatomic distances 
has become possible, it can be told whether resonance is taking place in a! 
given molecule. The C — C distance in benzene is 1.39A, while the normal x 
C — C distance is 1.54 A. The spacing for a double bond is l.S^A (see page 
69). The I. 39 A spacing in benzene therefore indicates that the bonds are 
intermediate in character between double and single bonds. 

As stated above, a resonating molecule is found to have less energy than 
would be calculated for any one of its resonating structures. This difference 
in energy is the resonance energy; for benzene the value is 39 Cal. per mole. 
The heat of formation of benzene is 39 Cal. greater than would be calculated 
for the Kekule structure. This figure indicates the stabilization of the 
molecule consequent upon the resonance. 

The resonance of benzene is assumed to occur principally between the 
two forms (I) and (II) : 


000 


( 1 ) 

Fia. 71. 


( 11 ) 

Kio. 72. 


(Ill) 

Kia. 73. 



(IV) 
Ku{. 74. 



(V) 

Fig. 75. 


There ir ay also, perhaps, be a resonance between the three possible Dewar 
forms, (III), (IV), and (V). 



400 


TEXTBOOK OF ORGANIC CHEMISTRY 


Properties of Benzene 

Benzene is a clear, colorless liquid having a peculiar not unpleasant odor. 
It freezes at 5.5® and boils at 80.1®. Its density, like that of the other liquid 
hydrocarbons, is less than 1 (0.878 at 20°C.). Benzene is insoluble in 
water, but readily dissolves in alcohol or ether. It burns with a sooty yellow 
flame. Benzene vapor forms an explosive mixture with air, and the com- 
pound may be used in internal combustion engines. It has high antiknock 
value (see page 42). Benzene is a good solvent for fats and waxes, also 
for resins. 


Commercial Source of Benzene 

Benzene is commercially obtained from coke oven gas and from coal tar, 
both of them products of the destructive distillation of coal. Three types of 
products result when coal is heated out of contact with air: gaseous, liquid, 
and solid. The gases comprise coal gas (hydrogen, methane, carbon mon- 
oxide), ammonia; also carbon dioxide, ethylene, acetylene, etc. These 
gases leave the hot coke oven, together with the condensable vapors of water 
and low molecular weight aromatic hydrocarbons. 

The gas mixture is cooled and scrubbed to remove tar and ammonia 
liquor, and is then stripped of its content of aromatic compounds. These 
form the “light oil.” 

The light oil, boiling from 80® to 200®, contains benzene and toluene, also 
phenol, pyridine, and thiophene; these latter substances are removed by 
chemical treatment. Further fractional distillation effects a separation of 
the benzene from the toluene, xylenes, and other hydrocarbons of the light 
oil. 

Coal tar is an oily viscous complex mixture of aromatic organic com- 
pounds. Its distillation yields, in the lower fractions, small amounts of 
benzene, toluene, and xylenes. Much larger yields of these “light oil” com- 
ponents are obtained from the coke oven gas. 

Higher boiling fractions of coal tar contain the xylenes, mesitylene, 
ethylbenzene, naphthalene, anthracene, phenol, cresol, phenanthrene, and 
other substances both liquid and solid, which are derivatives of benzene, and 
as such will receive attention in ensuing pages. Coke is the solid residue 
of the distillation of coal, while pitch comprises the residue of coal tar 
distillation.* 

About 500,000,000 gallons of coal tar were distilled in this coimtry in 
1930; about 10,000,000 gallons of tar were exported. A large percentage 
of the coal tar is represented by pitch and creosote oil. The latter is used 
for the preservation of wood, pitch for roofing and as a constituent of road- 
making material. About 125,000,000 gallons of creosote oil per year are 
used in this country. 

For details of coal tar distillation, see References 2, S, and 5 at tlie end of this «diapter. 
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History of Coal Tar Industry. Co&\ tar first came to public notice with the use of coal gas 
for illumination (about 1810). There was no particular use for the tar and it was usually 
burned for fuel. Later uses included the preservation of timber with creosote oil, the produc- 
tion of lamp black, and sundry employments of the volatile distillates as solvents. 

About 1850, chemists began investigation of the nature of coal tar. A number of discoveries 
of great importance to aromatic chemistry quickly ff>llowed. After the publication of the 
Kekule benzene formula, research proceeded more surely and more quickly. New medicinals, 
new types of dyes, new explosives, new coatings, other novel developments came from this 
work (st^e historical table, pag(' 800). 

Today electricity has largely supplanted gas for illuminating purposes. However the 
distillation of coal is practiced on a wider scale than ever because the coke so obtained is 
needed in the steel industry. Coal distillation yields large amounts of gas and coke and much 
smaller amounts of products from which we obtain aromatic chemicrals (coal tar and light oil). 
The following table .shows the average yield from a ton of bituminous coal. 


DiSTinLATioN Products FKr)M One Ton of (’oal 


C-oke 

Gas 

Coal tar 

Ammonium sulfate 
Light oil 


1500 pounds 
11,000 cu. ft. 
10 gal. 

25 pounds 
8.5 gal. 


Hundreds of millions of ions of coal are burned annually without any recovery of 
by-products; other millions of tons are converted to coke in beehive ovens which do not save 
the by-products. Nevertheless an enormous amount of coal is coked in the by-product coke 
ovens, thus assuring the chemical industry an ample supply of ttromati<‘ crudes at low prices. 
Small amounts of benzene, tolueru', and xylenes occur in most petroleums; however an almost 
inexhaustible source of aromatic hytirocarbous is now offered through the cyclization of 
aliphatic hydrocarbons (see page 405). 


Coal Distillation Data (U.S., 1941) 


Coal distilled 

Products: 

Coke 

Coal tar 

Gas 

Ammonium sulfate 

Light oil 

Naphthalene 

* Estimated. 


82,608,887 tons 

58.482.422 tons 
704,149,468 gal. 
892,819,811 M. cu. ft. 

870,752 tons 
174,000,000 gal.* 

88.810.422 pounds 


IhiiNCTPAL Coal Tar Crudes, 1989 Puk es 


Benzene, gal $0.14 

Toluene, gal 0 -20 

Xylene, gal 0.23 

Naphthalene, pound 0.02 

Anthracene, pound (retail) 0.70 


Homologs op Benzene 

Homologs in the aromatic series of compounds differ from each other 
by the increment CH, as in the aliphatic group. Thus, the substance next 
to benzene in the series is CtHs- This is known as methylbenzene or 
toluene; 
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CHs 



Toluene 


The methyl group is called a “side-chain,” this term being reserved for any 
group substituted for hydrogen of an aromatic ring, except such very simple 
units as Cl, Oil, etc. The ring itself is spoken of as the “nucleus” of the 
compound. Side-chains are ordinarily placed at the top of the ring (see 
above) or at the right hand. The student must understand, however, that 
the formula for a monosiibstitution product of benzene may show the sub- 
stituting group at any corner of the ring, since all hydrogens of benzene are 
equivalent. 

There is, of course, but one methylbenzene; monosubstitution products 
of benzene exist in one form only, as already stated. Dimethylbenzene, 
however, exists in three isomeric forms; these compounds are known as 
xylenes. 



o-Xylene j»-Xylene />-Xylene 


As a preliminary to naming these compounds, it is convenient to number the 
corners of the benzene ring from 1 to 6 as shown in the figures. The three 
xylenes may then be called 1,2-dimethylbenzene, 1,3-dimethylbenzene, 
and 1,4-dimethylbenzene. 

Groups situated on adjacent carbons of a benzene ring are said to be 
ortho to each other, those separated by one carbon of the nucleus are called 
meta to each other, while two groups separated by two carbons of the ring 
are para to each other (these names are commonly represented by the letters 
o, m, and p). Thus, we may name the three xylenes o-xylene, m-xylene, and 
^-xylene. The type of isomerism shown by the xylenes is called position 
isomerism. The groups have been placed here so as to use the lowest 
numbers possible on the ring. However they would still be in ortho position 
to each other if placed on carbons 2-3 or 5-6, and in meta position if placed 
on carbons 2-4 or 4-6. 

Isomeric with the xylenes is ethylbenzene, C 6 Hb*C 2 H 6 . This substance 
occurs in coal tar together with the xylenes and toluene. 

When three like groups are substituted for hydrogen in benzene, the 
number of possible isomers is three; the three trimethyl benzenes may be 
shown to illustrate this point. 
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CHs 

/\cHa 






1,2,4-coinpound 


1 ,2,8-compouncl 
Triinethyl benzenes 


CHa 



1,3,5-compoiind 


If three groups are substituted, of which two only are alike, six isomers are 
jK)ssihle: 



If all three groups are different, ten isomers exist.* These examples show 
that the possibilities for isomerism are very great in the aromatic series. 
Strong support for the Kekule structure is afforded by the fact that the 
number of isomers prepared iii any case has never exceeded the number 
predicted by the formula. The accompanying table lists the formulas, 
boiling points, melting points, and densities of a number of the simpler aro- 
matic hydrocarbons. 


Preparation of Benzene 

The methods of preparation given here have a theoretical rather than 
a practical interest, although methods (1) and (^) give reasonable yields and 
may be employed when a pure product is desired. Benzene obtained from 
coal tar contains thiophene, a sulfur compound which requires chemical 
treatment for its removal; also it is apt to contain a certain proportion of 
toluene. 

(1) Preparation of benzene by “heating the dry sodium salt of the acid 
having one more carbon, with excess of a strong base” (anhydrous). This 
is a method used to obtain the aliphatic saturated hydrocarbons. 




C— ONa - 
+ NaOH 


Heat 

>Na 2 C 03 + 


V 

* It is advisable for the student to check these statements by actual trial with pencil and 
paper. 
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Table 33. — Physical Constants of Some Aromatic Hydrocarbons 


Name 

Formula 

M.p., ®C. 

B.p., 

°C. 

Sp. g., 
20^/4° 

lit. of 
comb. 

Benzene 

CfiH« 

5 5 

80 1 

0 . 878 

782.3 

Toluene. 

CclbCHa 

- 95 

110.8 

0 . 866 

934 . 2 

Xylene ( 0 ) 


- 25 

144 

0.881 

1091.7 

Xylene (m) 


- 47 4 

139 3 

0 . 865 

1089.0 

Xylene (p) 


+ 13 2 

138 5 

0.861 

1089.1 

llemirnellitene 


- 25.5 

176.1 

0.895 


Mesityleiie 

1,3,5- 

-- 44.8 

164.8 

0.863 

1243.6 

Pseudociimene 

1.2,4- 1 

- 44.1 

169.3 

0.876 

1241.7 

Ethylbenzene 

( clUCallfi 

- 94.4 

136.2 

0.868 

1091.2 

Ethyltoluene ( 0 ) 

cii3rai4(’2H6 

<— 17 

1 64 . 9 

0 . 882 


Ethyl toluene (w) 



158.9 

0 . 869 


Ethyltoluene ( 7 ?) 


< — 20 

162 

0 . 862 


Propylbenzene («) 

C 6ll6<\iH7 

- 99.4 

159.5 

0 . 862 

1246.4 

Prehnitcnc 

1,2,3,4-C6H2(CH3)4 

- 4 

204 

0.901 


Isodurene 

1, 2,3,5- 

- 24 

195-7 

0.896'^° 


Durene 

1,2, 4,5. 

4- 79-80 

193-5 

0.838*^^" 

1303.6 

Pentamethylbenzene 

CMiClh), 

53 

230 1 

0.847^“^° 


Hexamethylbenzene 


!()(> 

265 


1711.9 


( 2 ) Preparation by treatment of a sulfonic acid with steam : 


IbO 

C Jlr^SOall H2SO4 + CoHo 

A 

Sulfonic acids are discussed in a later chapter. 

(3) The reduction of phenol (carbolic acid) yields benzene. This may 
be carried out by heating with zinc dust. 

Heat 

CgILOTI + Zn > ZnO + CJJ, 

(4) Benzene may also bo made in good yield by the polymerization of 
acetylene, caused by passing the gas through a red-hot tube: 


050® 


HC 

H 

C 

rA 

SCjHa » 

Cellc 


IIH 

1 

Fe-Si-Cr 


HC 

c 


catalysts 


^CH 

H 

A/ 


This method of formation is important as it shows a transition from the 
aliphatic to tl^ arohaatic series. The reaction also supports the contention 
that there are three double bonds in benzene. Many other aliphatic hydro- 
carbons yield benzene or an alkyl benzene when subjected to pyrolysis; for 
example, hexane passed over Cr208 at 470° gives a 17% yield of benzene; 
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octane gives 63% of o-xylene; n-heptane gives 90% of toluene (see Reference 
34, page 426). The hydroforming process noted on page 42 produces 
aromatic hydrocarbons, including toluene and xylenes. These existing 
methods of cyclization were expected to furnish 70,000,000 gallons of toluene 
for the year 1942. 


Preparation of Benzene Homologs 

(1) Homologs with a single side-chain may be prepared by the Friedel 
and Crafts reaction. This is carried out by the use of an alkyl halide corre- 
sponding to the desired alkyl group, together with benzene; aluminum 
chloride is the catalyst. 


AlCb 


Cells fH + T^C JI5 >HC1 + C6H5C2Hn 


Ethylbenzene (see pages 
408, 576) 


The Friedel and Crafts reaction is taken up in detail in Chapter XXIX. 

(2) The Wurtz-Fittig reaction* employs a halogen derivative of benzene, 
together with the proper alkyl halide and an active metal, such as sodium or 
zinc: 


2Na 

CeHfJir + BrC2ll5 ^ 2NaBr + C 6 H 5 C 2 H 6 

One explanation of the Wurtz reaction states that we have first a reac- 
tion between the halogen compound and metal to form a free radical and 
metal halide: 

RX + Na NaX + II— 

The free radical can undergo several different reactions, but we arc interested 
in its reaction with additional metal to form an organometallic compound: 

R h Na RNa 

In the second phase of the reaction, the organometallic compound 
reacts with additional halogen compound : 

RNa + RX -> NaX + R— R 

In the formation of ethylbenzene there are, of course, two RNa compounds. 
Thus in the second phase of the reaction we may obtain butane, biphenyl, 
or ethylbenzene. The yield of biphenyl is small because phenylsodium 
reacts more readily with ethyl bromide than with phenyl bromide. Also 
phenyl bromide reacts more rapidly with sodium than does ethyl bromide; 
this cuts down the yield of butane. The free radical mechanism of the 
Wurtz reaction is not upheld by the most recent research (see Reference 5, 
page 436) ; it may soon be necessary to abandon this conception. 

♦ Ordinarily no distinction is made between the Wurtz (aliphatic) and the Fittig (aromatic) 
synthesis. It is called Wurtz-Fittig whether applied to aliphatic or aromatic compounds. 
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(3) Mesitylcne, 1,3,5-trimethylbenzene, may be prepared from acetone 
by loss of water (see equation, page 158). Here, again, we have a method of 
passing from the aliphatic to the aromatic series of compounds. 

Aryl Derivativks of Aliphatic Compounds 

As toluene, CellB'CHs, may be looked upon as benzene with methyl 
group substituted for hydrogen (an aliphatic or alkyl derivative of benzene), 
so it is equally correct to consider this compound as derived from methane 
by replacement of the phenyl group for hydrogen (an aromatic or aryl 
derivative of methane). The names methylbenzenc and phenylmethane 
represent these two conceptions of toluene. 

The question at once arises whether similar aromatic derivatives of 
ethylene and acetylene exist, and we find this to be the case. Also, deriva- 
tives of methane, ethane, etc., are known in which several aryl groups are 
substituted for hydrogen. None of these compounds can be studied in any 
detail in this b6ok; however, the structures and Aethods of formation of 
several examples are added in order to illustrate the possibilities in these 
series. 

Diphenylmethane : 

H 

CeHs— C— CfJIs 
H 

AlCh 

CeHsCHsCl + IICeHfi >HC1 + Caii.ClhC,Ji, (Friedel-Crafts 

reaction) 

Triphenylmethane : 


/\ 



AlCla 

3 C 6 H 5 H + CI 3 CH ^ 3HC1 + (C 6 H 5 ) 3 CH (Friedel-Crafts reaction) 

Free Radicals. Almost from the outset of the science of organic chemis- 
try there has been an interest in the existence and isolation of those groups 
(methyl, ethyl, etc.) which we call radicals. It was conceived that com- 
pounds were formed by union of various groups with a certain radical, 
therefore it should in some way be possible to free and isolate the radical. 
When Bunsen made cacodyl he thought he had such a radical; similarly 
when butane was synthesized it was thought to be free ethyl. 
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The first actual case in which a free radical was noted occurred in 1900, 
when Gomberg tried to make hexaphenyl ethane by the action of silver on 
triphenylchloromethanc : 

2(C6H5)3CC1 + 2Ag 2AgCl + (C6H5)3C— C(C6H6)3 

The solution was found to contain a highly reactive compound which could 
readily add oxygen or hydn)gen or iodine. The solution was yellow in 
color, while if the above reaction had taken place it should have been color- 
less. Subsequent research has shown that hexaphenylethane actually 
exists, but that in solution in a ilon-polar solvent it is dissociated into free 
radicals : 

(C6H5)3C~C(C6H5).3 ^ 2(CoH5)3C— 

The free radical reacts with great avidity with oxygen, etc. 

aCCeliOsO " + O 2 -> (C,m)sC—0-0—C(CM,)s Triphenylmethyl 

peroxide 

2(CrJJ5)3C— + I 2 ^(C6H5)3CI 

The heavy loading of the carbon atoms of ethane with aromatic groups has 
a weakening effect on the bond between them. 

In solution, triphenylmethyl is in equilibrium with hexaphenylethane. 
The per cent of dissociation is 9.6% wdien one mole of hexaphenylethane is 
dis^jolved in 98 liters of benzene at 20®C. Further research in this interesting 
field has produced compounds containing trivalent carbon which are capable 
of isolation. Thus when tribiphcnylmethyl chloride, ((C6H6*C6H4)3CC1), is 
treated with an active metal, tribiphcnylmethyl, ((C 6 H 6 *C 6 H 4 ) 3 C), is 
produced. This is a violet-colored compound in solution, and in the solid 
state is a gray-green powder, extremely reactive and unstable. 

We arc also familiar with nitrogen compounds, built up on the same 
plan as hexaphenylethane, which dissociate in a similar manner. An exam- 
ple is tetraphenylhydrazine : 

(C6H5)2N— N(C6H5)2 ^ 2(C6H5)2N— 

Free radicals of the aliphatic scries have been made by heating organo- 
metallic compounds. For example, tetramethyllead is heated in a tube 
through which a stream of hydrogen is passing. Lead and free methyl are 
produced. If a thin mirror of metal be deposited on the inner wall of the 
tube at a point just beyond the reaction zone, it will be removed by reaction 
with the methyl radical (formation of organometallic compound). The 
radical exists in the free state but a fraction of a second. Aliphatic free 
radicals have also been formed by the action of ultraviolet light upon ali- 
phatic aldehydes and ketones (1936). 

Diphenylethane : C 6 H 6 CH 2 — CH 2 C 6 H 6 
CH2 CIl2 AICI3 

I I + 2C6H6H > 2HBr + C 6 H 5 CH 2 — CH 2 C 6 H 5 (Friedel- 

Br Br Crafts reaction) 
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H 

Phenylethylene, styrene, or vinylbenzcne: C 6 HbC==CH 2 

H H Ikat H 

C,HbO-C— CO 2 H . CO., + C 6 H 5 C=CH 2 Styrene 

Cinnaiiiic acid 

Styrene is made commercially by dehydrogenation of ethylbenzene; this 
in turn is made from ethylene and benzene through the Friedel-Crafts reac- 
tion (page 576). 

A # 

C JIsCTIoCITs > Ho + CCIT 3 CH--CH 2 

(at. 

Styrene easily polymerizes to a thermoplastic resin of high dielectric constant 
and fine appearance. The use of styrene in the making of plastics and 
synthetic rubber is noted on pages 505 and 625. 

H H 

Diphenylethylene (symmetrical), Stilbenc: CellbC— CC 0 H 5 

11 H 4Na H H 

CeHsCCb + ClaCCellfi 4NaCl + (Fittig reaction) 

Phenylacetylene : CeHsC^CH 

II II Kon in 

C,lhC^<:ih + Bra CoIlbC— CHa C^HbC -CH 

Br Br alcohol 

Diphenylacetylene, Tolane: CGlIbC^CCeHs 

13r Br KOII in 

C 6 H 5 C--CC 6 IIB + Bra ”> CelHC- CCellb ^ CelHC^CCeHs 

H H II II alcohol 

Reactions of Aromatic Hydrocarbons 

The aromatic hydrocarbons are not sharply differentiated from those of 
the aliphatic series by their physical properties, but their chemical behavior 
sets them entirely apart from the compounds we have studied. It will be 
well to review briefly the chemical unlikeness of these two groups, taking 
up the several items in greater detail in further paragraphs. 

(1) Oxidation, The aliphatic saturated hydrocarbons resist oxidation 
as a rule, while aromatic hydrocarbons having side-chains are readily oxidized 
to aromatic acids. 

(2) Substitution, Aromatic hydrocarbons undergo substitution with 
chlorine or bromine as do the paraffins. In addition, they react with nitric 
acid to form the highly important nitro compounds, and with sulfuric acid 
to produce the sulfonic acids, compounds of wide usefulness. These last 
two reactions are characteristic of the aromatic hydrocarbons, since neithei* 
nitric nor sulfuric acid successfully attacks the paraffins unless special cpn- 
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ditions are provided. Therefore, these reactions may be used to distin- 
guish one class from the other (page 772).* 

With regard to the attack of halogens upon aromatic hydrocarbons, it 
may be said that more is known of this reaction than of the corresponding 
reaction with the paraffins. For example, while it would be difficult to 
state which hydrogens of hexane would in order be substituted by bromine, 
certain regularities in the behavior of the aromatic compounds would allow 
us to predict this succession in the case of benzene and certain other com- 
pounds of its series. We will now consider the reactions of benzene. 

Reactions of Benzene 

(1) Oxidation. In the oxidation of benzene at 450°C., using air, with 
vanadium oxide as a catalyst, we obtain maleic anhydride. In general it is 
not feasible to obtain intermediate products from benzene oxidation. 
Either there is no effect or the oxidation goes out of bounds to yield carbon 
dioxide and water. 

(2) Reduction. The complete reduction of benzene yields hexahydro- 
benzene, or cyclohexane. This reduction may be accomplished by passing 
benzene vapor, mixed with hydrogen, over finely divided nickel at an 
elevated temperature (SabaticT and Senderens reaction) : 



■ II 

II 

II2 

lledn 

iifAii 

Rcdn H^/\ll 2 

Redn 

U 


>• 

2H 

— ^ 

211 Il 2 \^^^Il 2 

¥2 

¥2 . 

¥2 


Cyclohexadiene, Cydohexene, Cydohexane, 

Dihydrobenzeiie Tetrahydrobenzene Hexahydrobenzene 



Fig. 76. — Benzene: not ole- Fig. 77. — Partially reduced. Fio. 78. — Dihydrobenzene, 
finic in character. Centric .symmetry destroyed. Cyclohexadiene. Olefinic in 

character. 

Cyclohexadiene and cyclohexene, which represent intermediate steps in 
the reduction of benzene, are not prepared by direct reduction, but by other 
methods. These two compounds resemble aliphatic olefins in their behavior, 
undergoing addition reactions impossible to benzene, and being much more 

* Those properties which confer “aromaticity” upon a ring compound indude: (1) easy 
substitution of ring hydrogen, (2) resistance to oxidation and addition reactions, (3) acidity of 
hydroayl-substituted compounds. 
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easily oxidized than is benzene. The Armstrong and Baeyer formula for 
benzene was proposed to show plainly that benzene itself has no double 
bonds until two valences of the centric cluster have been withdrawn, 
thus explaining why the reduction products di hydrobenzene and tetra- 
hydrobenzene act like olefins, while benzene does not (see Figs. 76-78). 

Cyclohexane or hexahydrobenzenc is sometimes called hexameihylene, as 
the ring is formed of six methylene groups. It belongs to a series of com- 
pounds called the cycloalkanes or cycloparaffins which are known from 
cyclopropane to cyclotriacontane, CaoHeo. These compounds have the 

CH2 

/ \ 

H2C CH2 

Cyclopropane 

behavior of aliphatic hydrocarbons; they may be considered as forming a 
connecting link between the aliphatic and the aromatic series. They will be 
discussed in Chapter XXXII. 

(3) Reaction of benzene with sulfuric acid; sulfonaiion, 

CcHfi-H + HO SO 2 OH H 2 O + CeHaSOall Ik nzenesulfonic acid 

The sulfonic acids are separately discussed in Chapter XXII. 

(4) Reaction with nitric acid; nitration. 

CeHs’H + HO'NOa H 2 O + CeHaNOa Nitrobenzene 


See Chapter XXIII, for discussion of nitrobenzene. 

For mercuration and arsonation of benzene, see Chapter XXXI. 

(5) Reactions with the halogens; halogenatum. In direct sunlight, 
benzene and chlorine react by addition to form benzene hexachloride : 




-f- 3CI2 ■ 


HCl 




HCll 


HCl 


HCl 


Benzene hexachloride 


In the presence of a carrier,* benzene reacts with bromine to form mono- 
bromobenzene : 

Fe 

Celle + Br 2 — ► HBr + CeHeBr Bromobenzene 

With rise of temperature and addition of bromine, a dibromobenzene results : 

Fe 

CeHeBr + Br 2 — > HBr + CeH 4 Br 2 Dibromobenzene 

For action of iodine, see page 430. 

* See footnote, page 86. 
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( 6 ) Effect of heat. Pyrolysis of benzene causes loss of hydrogen with 
the consequent formation of polynuclear compounds : 

A 

--4 H., + CeHfi— CoHs Biphenyl 

Biphenyl is formed when benzene is passed through a hot iron pipe. Other 
hydrocarbons (p-diphenylbenzene, 1,3,5-triphenylbenzene, etc.) are formed 
in smaller yield. 

(7) Metalation of benzene. When benzene is treated with an alkali 
alkyl ail exchange occurs: 

Celle + C JIiiNa C 5 HX 2 + CeHsNa 

At the same time some disubstitution occurs. When the metalatcd benzene 
mixture is treated with carbon dioxide, benzoic acid is formed in good yield, 
together with small amounts of benzenedicarboxylic acids. 

Physiological Action. Benzene is a highly toxic compound. Taken 
internally it causes death by paralysis of respiration. The vapor when 
inhaled may cause dc‘ath if sufficiently concentrated. If breathed over a 
long period there are changes in the blood corpuscles which may be fatal. 
(\)utact with the skin is also harmful. Toluene is more toxic and the 
xylenes are less toxic tlian benzene. 

Deuterium Exchanges. Ilexadcuteriobenzene, benzene-dej CeDc, has 
been made by shaking benzene with D 2 SO 4 for several days. The acid if 
over 90% strength will cause sulfonation. Benzene also exchanges some 
hydrogen for deuterium when shaken with D 2 O (platinum catalyst). It is 
reported that some substituted benzenes exchange their nuclear hydrogen 
for deuterium when treated with D 2 O or with acids even more readily than 
does benzene. The properties of CoDe are as follows: M.p., 6.8®C.; B.p., 
79.3®C.; 1)25725°, 0.9456; D25°/4°, 0.9429. 


Table 34. — Comparison of Properties of Detjteriitm and Hydrogen, Water and Heavy 

Water 


B.p. 

Hydrogen, 20.38®K. 

Deuterium, 23.5®K. 


Water 

100. 0°C. 

0.0 

1.0000 

4.0® 1 

7ii.75 dynes/cm. 
1.04X10-1^ 

Heavy water 
101.42®C. 

3.802 

1.1079 

11.6® 

67.8 dynes/cm. 
0.33 X lO-i^ 

M.p.. ! 

Density 5J5°/25° 

Temp mflx depsi^’y 

Surface tension - 

Ionization constant 



Reactions of Benzene IIomologs 

These reactions are separately treated, as important difiPerences are found 
between the reactions of compounds with and without side-chains. 


GENETIC RELATIONSHIPS OF BENZENE 
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CbH,(NOt>e 

i-DINiTROBENZENE 

Chart VIL 
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(1) Oxidation, The oxidation of benzene yields various products accord- 
ing to the conditions. The complete oxidation of any alkyl side-chain 
always leads to the production of the carboxyl group : 


(/Ha Oxid 


V 

Toluene 


//^ 

OH 

Benzoic acid 


Primary alcohol and aldehyde represent intermediate stages of this oxidation 
(see aliphatic acids). Thus toluene may be oxidized to benzoic acid as 
shown above, or iL may be so treated as to yield benzyl alcohol, CeHsCHsOH, 
or benzaldchydc, CdlsCHO. It is interesting to note that certain bacteria 
can promote oxidation of benzene, lolueiu?, etc. 

( 2 ) Reaction with halogens. The action of benzene homologs towards 
the halogens is peculiar. It may be illustrated by the reactions with toluene. 
Chlorine reacts with boiling toluene to form a derivative in which hydrogen 
of the side-chain is substituted; the product is benzyl chloride, C 6 H 5 CH 2 CI. 

H 

Additional chlorine reacts to form benzylidene chloride, (/gllDCCh, and 
benzylidyne chloride, CoHsCCla. 

The same results are secured when the reaction between chlorine and 
toluene is carried out in direct sunlight. 

The course of this reaction is entirely altered when a carrier is employed. 
In this event, chlorine atom substitutes for hydrogen of the benzene nucleus, 
forming p- and o-chlorotolueiies. With additional chlorine, and by use of a 
higher temperature, successive hydrogen atoms of the nucleus may be 
replaced, forming dichloro toluene, etc. The above remarks show that the 
action of halogens upon a homolog of benzene is strongly influenced by 
the conditions of the experiment. The presence of a carrier causes substitu- 
tion to take place in the ring, and vice versa. 

The nitration or sulfonation of benzene homologs is easily carried out. 
The action is one of substitution of hydrogen of the nucleus, and does not 
usually affect the side-chains (see footnote, page 444). Thus, sulfuric acid 
with toluene produces p-toluenesulfonic acid together with o-toluenesulfonic 
acid : 


/V-CHs 


+ 2HsS04 -> 2 H 2 O + 






HOsS 


also 


p-'Y oluenesulfonic 
acid 




-SO 3 H 


0-T oluenesulfonic 
acid 
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Order of Substitution in the Benzene Nucleus 

When several hydrogen atoms in benzene are sucjcessively replaced by 
substituting groups, it is noted that the entering groups arc not oriented 
about the ring in a haphazard or chance manner. On the contrary, the 
hydrogen atoms of the nucleus are replaced in a definite order. The position 
taken by an entering group depends primarily upon the nature of the group 
already on the ring, although temperature, concentration, etc., have a 
secondary effect. Very seldom do we secure equal amounts of orthoy meta, 
and para isomers; cither there is a preponderance of the para and ortho 
isomers, or the meta isomer forms the chief product of reaction. The choice 
between these two types of reaction is usually independent of the nature 
of the group being introduced. 

For example, the nitration of bromobenzene yields p- and o-nitrobromo- 
benzenes : 


Br 

/\ 




+ 211NO3 


Br 


2 H 2 O + also 

NO2 

p-Nitrobromobenzcne 


Br 

(^N02 

\/ 


o-Niln>broniobonzcne 


while the brominatioii of nitrobenzene produces m-ni tro bromobenzene : 


N 02 

NO 



A 


+ Br 2 -> HBr + 


v 


V 


w»N itrobromoben zene 


In the first instance, the presence of bromitic in the ring caused the entering 
nitro group to seek carbons 4 and 2; in the second case, the nitro group 
already present caused substitution of bromine to occur on carbon 3. 

The regularities of substitution observed have received several classifica- 
tions, one of which, the rule of Crum Brown-Gibson, is as follows: 

Crum Brown-Gibgon Rule (1892). If X be a group attached to a ben- 
zene ring, we have the following possibilities: (a) If HX can be directly 
oxidized, in one step, to HOX, meta derivatives will be obtained on further 
substitution; (b) If the above oxidation cannot occur, para and ortho sub- 
stitution is the rule.* Example: Consider nitrobenzene, C 6 H 6 NO 2 ; X then 

* In many reactions of substitution, all three forms of the di-derivatives will be produced. 
These rules merely seek to denote which isomers form the chief product of reaction in any given 
case. Such factors as temperature, concentration, etc., will always have an influence on the 
course of substitution; the statements presented are therefore not to be construed as “laws of 
substitution.*’ 
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stands for NO2 and HX for HNO2. Now nitrous acid can be directly 
oxidized to nitric acid, HONO2; therefore, nitrobenzene will give mela 
derivatives on nitration, bromination, etc. 

Alternate presentation (Vorlander 1902). The saturated side-chains 
give mainly para and ortho substitution products; however if the side-chain 
atom which abuts the ring has a double or triple bond, or is charged posi- 
tively, meta substitution predominates.* The m-directing effect diminishes 
as this key atom is removed from the ring along the side-chain. 

Saturated side-chains — give para and ortho derivatives. The relative 
amounts of para and ortho compounds secured depend upon temperature 
(high temperature favors para substitution in some instances, while in 
others it favors the ortho compound), concentration, nature of catalyst, 
nature of the group already on the ring, and of the group being introduced. 

OH 

NH2 

Italogen 

Alkyl 

Unsaturated side-chains — give meta <lerivative.s. 

SO3H 
CO2II 
CHO 
NO2 
CN 

Examples : 

Br 

A 

2 + 2Br2 2HBr + 

V 

NO2 

+ Bra —* HBr + 


+ HNO3 HaO + 




* This presentation is not entirely correct. To date several exceptions have been found. 
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/O 

C— OH 


+ HNO, -> H 2 O + 


C— OH 

/\ 




'NO, 


O2NI 




'N02 


Hammick-Illingworth Rule. If in the compound CellsXY, Y is in a 
higher group of the periodic system than X (or if in the same group Y has 
lower atomic weight than X) a second group or atom will enter the meta 
position. AH other cases, including those in which XY is a single atom, give 
ortho-para products. 

Other sets of “rules” for orientation have been devised besides those 
given. It is recognized that the Crum Brown -Gibson rule is purely empirical 
as is that of Vorliiiidcr. The Hammick and Illingworth rule is practical and 
easily remembered. The more recent formulations have a basis of theory 
resting on the electronic structures of both benzene nucleus and entering 
group. There will not be space to discuss them here. For a recent empiri- 
cal rule of considerable value see Reference 17, page 426. 


Analysis of a Mixture of o-m-p-Compotinds. One method of analysis of a solid mixture of 
orthOf mday and para compounds is as follows: suppose that adding 1 g. of the pure para com- 
pound to 15 g. of the' pure meta compound depresses the melting point of the meta compound 8®. 
Since the ortho^ meta, and para compounds are isomers, we know that the same depression of 
melting point would occur if 1 g. of the ortho compound were mixed with 15 g. of the meta 
compound. Now let 1 g. of the unknown mixture be added to 15 g. of mef.a compound. Any 
effect on the melting point of the meta compound will be due only to the ortho and para com- 
pounds present in the mixture. Suppose the depression to be 2°. In this case the mixture 
contains approximately one- third meta compound. In a similar way the analysis may be 
extended to find the amounts of ortho and para compound present. 


Additional Facts. The para-ortho orienting groups, excepting halogens, 
enhance the reactivity of the ring, i.e., benzene reacts more slowly with 
nitric acid than docs phenol. While phenol nitrates easily with dilute 
nitric acid, benzene requires concentrated acid. M eta-diTnoXmg groups 
retard the reactions of the ring. Thus the nitration of nitrobenzene requires 
more drastic conditions than the nitration of benzene. 

The para-ortho directing groups have a greater directive power than 
the m^fa-directing groups. In case of a competition between a para-ortho 
directing and a meta-diVQCtmg group we may expect the former to prevail. 
Among the para-ortho directing groups hydroxyl has the most powerful 
influence, the others following as indicated below:* 

OH > NH 2 > NR 2 > NHR > Cl > Br > Alkyl > I 
The CO 2 H is most powerful of the mefa-directing groups: 

CO2H > SO3H > NO2 


The order shown here is not infallible. Cases are known in which the order is different. 
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Examples: 

NH2 

+ CI2 + 

CH3 
CH3 

+ HN03~^H20 + 

NO2 

OH 

+ UNOe ->H20 + 

CH3 

Determination of Structure of Benzene Di-derivatives. Korner’s 

Absolute Method 

We liave so far tacitly assumed the correctness of the structures pre~ 
sented for various substitution products of benzene; thus, bromination of 
nitrobenzene was said to produce m-broinonitrobenzene. It will now be 
necessary for us to consider the methods used by chemists to actually deter- 
mine the structures of compounds produced in experiments like the above. 
Various methods exist, of which the most elegant is the ‘‘absolute*’ method 
of Korner. This method, assuming the correctness of the Kekul6 formula 
for benzene, makes certain predictions based upon the formula as follows: 

(1) An ortho di-derivative of benzene will yield two different tri-deriva- 
tives when an additional group is introduced. 



Thus, the bromination of o-dichlorobenzene can produce only two bromodi- 
chlorobenzenes. 

(2) A meta di-derivative will yield three tri-derivatives on further sub- 
stitution. 
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(3) A para compound will yield but one tri-derivative.* 


Cl 

Cl 

/\ 



1 

4- Bra HBr + 

A 



A 

Cl 

Cl 


Hence, a di-derivative which on further substitution yields two different 
tri-derivatives, must have the oxiho structure. One which gives three 
different tri-derivatives is metay while a di-dcrivativ^e which yickis but one 
tri-derivative in this manner, is a para compound. Note that both sidc^- 
chains of the original di-derivative muM he alike or this rule does not hold 
(see page 403). f 

To assign the position of groups in the alkyl di-derivatives of benzene, 
use is made of the fact that all alkyl side-chains on complete oxidation revert 
to the carboxyl group (see page 413). Thus, any di-alkyl derivative of 
benzene upon oxidation must yield one of the following dicarboxy acids: 


COOH 

j^COOH 

o-Dicarboxybenzene, 
Phthalic acid 


coon 

^COOH 

w-Dicarboxybenzene, 
Isoplithalic acid 


COOH 

A 

V 

COOH 

/^-Dicarboxybenzene, 
Tereplithalic acid 


These three acids have definite physical properties and are well known, f 
therefore the production of any one of them by oxidation of a dialkyl 
derivative of benzene at once fixes the structure of this compound. 

There are other “key compounds,” similar to the phthalic acids, into 
which benzene derivatives may be converted by suitable reactions (as the 
dialkyl compounds are oxidized to phthalic acids). For example, if we have 
a nitro group and an alkyl group, we may by oxidation come to one of the 
known nitrobenzoic acids: 


Alkyl CO 2 H 



* The student should satisfy himself by trial that the formulas above show all the possi- 
bilities which exist for the three types of di-derivatives. 

tThe chemical research by means of which the relative position of the groups in the 
phthalic acids has been determined is too difficult for inclusion in an elementary text. 
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Every time that the structure of a di- or poly substituted derivative is 
learned, it may be used as a key compound for other derivatives, which can 
be transformed to the known compound by suitable reactions. 

Today the structure of benzene derivatives may thus be learned by 
conversion of the unknown to one of the many compounds whose structure is 
already known as a result of past experimentation. Thus, the Kdrner 
method, which at tlie outset of research in aromatic che^jj^py was of the 
first importance, no longer holds this position. 

IIoMOCYCT.io Compounds 

Carbocyclic compounds have only carbon atoms in the nucleus or ring. 
They may be called homocyclic carbon compounds. When other elements 
take part with carbon in ring formation, the resulting compounds are called 
heterocyclic. Examples of the latter will be found in Chapter XXXIV. 
Below are shown the formulas and methods of synthesis of several aromatic 
hydrocarbons having more tiiaii one ring. Thf)se of the type of naphthalene 
and anthracene are called “condensed,” as their sevcTal rings arc joined by 
more than one carbon atom. 



Phenanthrene Formation from o-l)itoIyl 



Acenaphthene Fluorene 
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Formation from Diphenylmethane Fluorene Biphenyl 


Biphenyl is made on a large scale by passing benzene vapor over a heated 
catalyst. Its formation is attended by loss of Il-atom by each of two 
benzene molecules. Biphenyl is recommended as a boiler liquid for high- 
temperaturc boilers. Its high boiling point permits tj^e use of high tempera- 
ture at relatively low pressure. Various derivatives of biphenyl are being 
investigated since bulk production has reduced the price of this chemical. 
Continuous halogenation of biphenyl gives complex resinous compounds 
(Aroclor). 



Terphcnyl. 

Formation of biphenyl from phenyl Compounds of this type up to hexa- 

bromide by Fittig reaction. phenyl are known. 

Each of the above compounds (and also the other carbocyclic compounds 
not shown here, of which there are numerous examples) has some resem- 
blance to benzene in its reactions, also many points of difference. Certain 
of these compounds will be mentioned in later developments of our subject. 
However, our attention will center principally upon benzene, and for a 
systematic knowledge of the reactions of these more complex hydrocarbons, 
the student should refer to the larger textbooks of organic chemistry. 

Isomerism of Biphenyl Derivatives. Interesting cases of stereoisomerism have come to 
light in a study of derivatives of biphenyl. We recognize this compound as belonging to the 
class discussed on page 928 in which a single bond exists between carbon atoms. It is quite 
evident that ring (A) below can rotate freely with reference to ring (B) about the bond which 
is common to both rings. 



(I) 


If we put a group on (A) ortho to the common bond, free rotation is still possible: 
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<^<I> 

CO2H 

(II) 


In (III) with a group on each ring in ortho position we still have free rotation: 



If now a third group be*placc(l in ortho position, free rotation is restricted (IV). The proof 
lies in the fact that compound (I\') can be s€*parated into opthrally active forms. It is generally 
supposed that such compounds have the planes of the two rings at right angles to each other. 
The rings arc coaxial but not coplanar. When free rotation is restricted, two molecular mirror- 
image forms are possible as shown here: 




Figs. 81, 82. -Mirror-image forms of biphenyl <lerivalive. (A) in plane of paper. Plane of 
(B) at right angle to plane of paper. 


The restriction of free rotation depends primarily upon the size of the groups X and Y, 
If there is not room for them to “clear” each other, free rotation is prevented. The situation 
is then much the same as in the ethylene compounds discussed on page 59. The optical 
asymmetry of these biphenyl compounds depends on molecular asymmetry, there being no 
asymmetric carbon atoms present. 

Radicals and Nomenclature 

The names of the aromatic radicals (aryl radicals) are formed by use of 
the eliding “yl ” aliphatic series. A few of the more common 

radicals are listed below. The symbol Ar is used for aryl radicals. 



/ 

is CfiHfi, 


Phenyl radical, monovalent 


1 / 


is CeH4, 


Phenylene radical, divalent (0, m, p) 
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4^2 


Examples showing nomenclature: 


Br 

NII2 

V 

I 

Nils 



Phenyl bromide (Hromobenzene) 


w-Phenylenediamine (m-Benzeiiediamine) 


Radicals of benzene homologs: 


CH3 

A" 


o-Tolyl, monovalent 


Isomeric radicals 


(^Hr 

/U 


Benzyl, monovalent 


(CTl3)2CaH3~ Xylyl, monovalent 


/X “ 

/N-c= 




Benzylidene, 
(Benzal), divalent 


Examples of nomenclature: 


/NciljOII 

v 


Benzyl 

alcohol 


^CCU 

V 

Benzylidene 

chloride 



Beiizylidyne, 
(Benzeriyl), tri valent 


Clh 

/~\ci 

\/ 

o-Tolyl 

chloride 


f^CCh 

v 

Benzylidyne chloride, 
(Bcnzcnyl chloride 
or Bcnzotrichloridc) 


Aliphatic versus Aromatic Compounds 

Several instances have been presented in these pages of the conversion of 
aliphatic type compounds to those of aromatic type, also numerous cases 
of the reverse type of reaction are known. It would, therefore, be perfectly 
proper to consider the aromatic compounds as derivatives of methane, as 
are those of the aliphatic group. The separation of these two groups is 
carried out in this book as a matter of convenience to expedite the student’s 
progress. 

Aromatic and aliphatic groups are alike in their possession of sub-groups 
or series, such as alcohols, aldehydes, acids, amines, etc. On the other hand. 
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these compounds frequently show striking differences in their reactions, 
according to their predominantly aliphatic or aromatic nature. 

Aromatic compounds in general have higher molecular weights than 
aliphatic, thus many of the common examples arc solids, which maj^ be 
purified by crystallization. Although the reaction of substitution usually 
occurs more easily with aromatic than with aliphatic compounds, the latter 
more readily yield simpler substances on chemical treatment, as they lack 
the stable nucleus which characterizes the aromatic compounds. The 
behavior of the two groups toward oxidizing agents and especially toward 
nitric and sulfuric acids sets them apart. 

Any discussion of the relative importance of these two groups of com- 
pounds would be beside the mark, since both series are employed without 
favor by the chemist. We may note that the components of living cells, 
(fats, carbohydrates, proteins) embrace mainly aliphatic representatives, 
while a great many of the curativ^e drugs and antiseptics are aromatic in 
character. The dyes also are chiefly aromatic derivatives. 

Much more study has been expended upon aromatic compounds than is 
the case with the aliphatic, and as a consequence, more representatives of 
the former scries are known. At the present time, emphasis is being placed 
upon the advantages of intensive research with aliphatic compounds. It is 
hoped that such study will yield a number of discoveries rivalling in impor- 
tance those which have been made in the field of aromatic chemistry. 


REVIEW QUESTIONS 


1. Give a resume of the points for and against the Kekule formula for benzene. 

2. Write the graphic formulas for o«dibromobcnzene, for 1,3-dinitrobenzenc, for 7 )-dichlo- 

robenzene, for 3-chlorotoluene. 

3. Write graphic formulas for: (a) ?n-Xylene; (b) Mesitylene; (c) Isopropylbenzene; (d) Tetra- 

phenylmethane; (e) Styrene; (f) Tolane; (g) Stilbene; (h) Phenanthrene ; (i) Anthracene. 


4. Assign names to the following formulas. 


(a) CJIfiCIIaCHzCIIa; 


H: 

/^s/\ 


(b) 


H, 


Hj 

> 

H2 


(c) CflHfiCHjCN; (d) CflH 6 CH 2 C 6 H 4 CI (p) 

5. Write equations for three methods for preparing benzene. 

6. Show by equations two methods (each) for the preparation of: (a) Toluene; (b) Propyl- 

benzene. 

7. Summarize by equations the reactions of benzene. 

8. Which of the reactions given in 7 are typical of the aromatic hydrocarbons? 

9. Show by equations the reactions of chlorine upon toluene under various conditions. 

10., tVhat would be formed upon the oxidation of ethylbenzene? 

11. How may the following replacements be made on the benzene ring? (a) — H by — Cl; 

(b) — Br by — C 2 H 5 ; (c) — CsHt by — COOII; (d) -H by — NO 2 ; (e) — COOH by — H. 

12. Write equations for the action of nitric acid upon toluene. 

13. What compounds would result from the action of; 
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(a) Nitric acid upon nitrobenzene? 

(b) Sulfuric acid upon bromobenzcnc? 

(c) Bromine upon benzencsulfonic acid? 

14. How do homocyclic and heterocyclic compounds differ structurally from each other? 

Write the structures of compounds representative of each class. 

15. Write the graphic formula for: (a) Benzenyl bromide; (b) Benzyl cyanide; (c) w-Tolyl 

bromide; (d) Phenylamine. 

16. An aromatic hydrocarbon of formula CsHio yields upon oxidation a substance of formula 

C 7 II 6 O 2 . What was the original compound? 

17. An aromatic hydrocarbon of formula CicHi 4 gave when oxidized an acid of formula 

C 8 H 6 O 4 . Write a possible structural formula of the original compound and of its 
oxidation product. 

18. Write equations showing the methods used to bring about the following changes: (a) 

Hydroxybenzene to benzene; (b) Benzoic acid to benzene; (c) Bromobenzene to ethyl- 
benzene; (d) Toluenesulfonic acid to toluene; (e) Benzene to benzoic acid. 

19. What products should be formed in largest yield by the following reactions: 

(a) Action of iodine on o-toluidine? 

(b) Action of nitric acid on o-nitrophenol ? 

(c) Action of nitric acid on w -dinitrobenzene? 

(d) Action of nitric acid on o-nitrotoluene? 

(c) Action of chlorine on o-nitrobenzoic acid? 

20. The following prices are quoted from the catalog of a well known supply house: 


o-Dichlorobenzenc 100 g. $ 4.50 

p-Dichlorobenzenc 5000 g. 3.50 

m-Dichlorobenzcne 100 g. 9.00 

o-l)initrobenzene 100 g. 5.50 

m-Dinitrobenzene 500 g. 4.50 

p-Dinitrobenzene 10 g. 4.50 

2.4- Dinitrobenzoic acid 100 g. 28.00 

3.5- Dinitrobenzoic acid 500 g. 9.00 


Explain the large differences between the prices asked for these isomeric compounds. 

21. Sulfuric acid reacts with acetone to give a trimethylbenzene. What use can we make of 

this compound in assigning definite structures to the three possible trimethylbenzenes? 

22. How make the following from toluene: (a) m-Nitrobenzoic acid; {h) o-Nitrobenzoic acid; 

(c) m-Bromobenzoic acid; (d) p-Bromobenzoic acid; (c) o-Chlorobenzylidene chloride? 

23. Discuss the oxidation of ethylbenzene and of 2-ethyloctane. 

24. How much potassium permanganate would be needed for the oxidation of one mole of 

toluene? The main products are benzoic acid, MnOz, and KOH. 

25. Write a series of equations showing how to make w-ethylbenzoic acid from benzene. 

26. A benzene derivative has two side-chains in Tneta position. This is treated with bromine 

in such a way as to introduce one atom of bromine to the ring. Three new compounds 
and only three are formed. One of the side-chains of the original compound was CHg. 
What was the other? 

27. The distance between carbons of the benzene ring is 1.39 A. What has this fact to do with 

the existence of isomers like those described on page 396 ? 

28. How is nitric acid used to distinguish benzene from n-heptane? 

29. Discuss the reaction of 2-heptene and of benzene with bromine-water. 

30. Benzene burns with a very smoky yellow flame. What conclusion can one draw from this 

experiment? How does one proceed to test the conclusion further? 

31. How do you account for the fact that two forms of stilbene are known? 

32. What relationship exists between the coal tar industry and the steel industry? 
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33. Write formulas for the different isomeric chlorobromonitrobenzenes. 

34. What facts make it possible to use the Fittig reaction for the production of ethylbenzene in 

fair yield from phenyl bromide, ethyl bromide, and sodium ? 

35. Write the formula for a nionosubstitution product of styrene which could display geo- 

metrical isomerism. 

36. Why was the Kiirner orientation method important in the early development of aromatic 

chemistry ? Why has it lost its early importance ? 

37. An aromatic compound (’sHio forms but one mononitro compound upon nitration. Write 

the formulas of both hydrocarbon and nitro compound. 

38. The heat of combustion of benzene is 782 Calorics. What has this fact to do with the 

Kekulc formula for benzene? 

39. On page 394 the statement is made that the equivalence of all hydrogen atoms of benzene 

is shown by the fact that but one monosubstitution product r)f any kind can be made. 
What other and quite different ctmclusion might be drawn from the fact cited? Has 
this conclusion been tested? What was the result? 

40. Cite those facts learned in the study of benzene which make it impossible to adopt any of 

the following proposed structures for benzene. 


H H 

C-r C 


(a) 


\ 


C--CII2; 


C:^ 

H 


/ 


II H 

(b) H2 C=C-CjiC— C^CH a; 


(c) H 2 C^ 


/ 


-C 

II 


\ 


C= 

H 


\ 

C 

/ 


CH2 


=c 

H 


41. There arc six possible isomeric diaminobcnzoic acids (formula (NH 2 ) 2 C 6 H 3 COOH). 

Removal of the carboxyl group (decarboxylation) from these acids yields different 
diaminobenzenes as follows: Acid #1 (rn.p., 191°) and Acid #2 (m.p., 210°) each yield a 
diaminobenzenc (phenylencdiarnine) of m.p., 103°(\ Acids #3 (m.p., 140°), #4 (m.p., 
228°), and #5 yield a phenylencdiarnine of m.p., 62°. Acid #6 (m.p.y 200°) gives a 
phenylenediaraine melting at 140°C. Discuss these results and work out the structures 
of the six original acids and of the three phenylenediamines obtained from them. 

42. The compound (A) contains 92.2^0 C and 7.7% II, and has a molecular weight of 104. 

Upon oxidation it yields an acid (B) which contains 68.7% C and 4.9% H. (A) adds 
chlorine to give (C) which contains 40.58% (^1. Work out the structure of (A). 
(R)43.* The compound (A) contains 68,33 % C, 6.40 % H, and 25.27 % Cl. Upon reaction with 
sodium hydroxide .solution it yields the compound (B) which contains 78.7% C, 8.2% H, 
and 13.11 % O. The oxidation of (A) produces an acid (C) containing 68.84 % C, 4.92% 
II, and 26.23% O. Give possible .structures for the compound (A) and its isomers. 
Show what compound would be formed from each of the.se upon oxidation and upon 
treatment with NaOH solution. 
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CHAPTER XXI 


HALOGEN DERIVATIVES OF AROMATIC HYDROCARBONS 

We have seen (Chapter XX) that benzene may react with chlorine or 
bromine by addition, forming thereby benzene hexachloride or hexabromide. 
'riiese compounds are not stable, but revert to trichloro- or tribromo- 
benzene, respectively. The typical reaction between benzene and the 
halogens is that of substitution, in which hydrogen of the nucleus is displaced 
by halogen atom. The aryl halides are products of this reaction. Phenyl 
chloride, CellsCI, phenyl ^bromide, CcHsBr, dibromobenzene, and chloro- 
toluene are examples of such compounds. 

In the case of toluene and other benzene homologs it has been shown 
that halogen may be substituted either in the nucleus or in the side-chain. 
Thus from toluene we may prepare the chlorotolueiies, benzyl chloride, or 
benzylidene chloride, etc. These two classes of derivatives are distinct in 
tl^eir properties and chemical reactions. The former type illustrates a true 
aryl halide, while the latter is actually aliphatic in character (as far as the 
halogen atom and side-chain are concerned). Such substances as benzyl 
chloride are included with aryl halides rather than with aliphatic halogen 
compounds because of their derivation from aromatic originals, and because 
the presence of the benzene nucleus allows them to participate in certain 
reactions characteristic of aromatic compounds in general. 

Physical Properties 

The true aryl halides (halogen in the nucleus) are substances with distinct 
but not unpleasant odors. The monosubstitution products are liquids, 
while derivatives more highly substituted are solids. As a class they are 
- insoluble in water and in concentrated sulfuric acid, but soluble in alcohol, 
ether, and other organic solvents. Many of these substances are volatile in 
steam. The effect of the halogen atom introduced in the benzene nucleus 
upon the boiling point and specific gravity of the resulting aryl halide 
increases markedly in the series F-Cl-Br-I. See Table 35, page 428. 

Those compounds in which halogen atom has been substituted in the 
side-chain generally possess powerful odors and are lacrymatory (cause 
flow of tears).* The following list shows the melting points, boiling points, 
and specific gravities of several representative derivatives of benzene and 
toluene. 

♦ Several substances of this type were employed as poison gases in World War I, among 
them benzyl* bromide, and xylyl bromide, CH 3 *C 6 H 4 CH 2 Br. Aliphatic halogen compounds 
used as war gases are given on page S23, and additional aromatic compounds on page 606. 

427 
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Table 35. — Physical Constants op Aromatic Halogen Compounds 


Name 

Formula 

M.p., 

B p., "C. 

Sp. g., 
20°/4° 

Fluorobenzcne 

CeHfiF 

-41.2 

85-0 

1.024 

(Chlorobenzene 

CM, Cl 

-45.2 

132.1 

1.107 

Bromobenzene 

CMsBr 

-30.0 

150.2 

1.495 

lodobenzene 

CMsI 

-28.5 

188.0 

1.824“° 

Dichlorobenzene ( 0 ) 

CM4Ch 

-17.0 

179 

1 305 

Dichlorobenzene (m) 


-24.8 

172 

1.288 

Dichlorobenzene {p) 


53 

174 

1.458 

Dibromobenzene ( 0 ) 

CMMr. 

1.8 

221-2 

1.956 

Dibromobenzene (m) 


- 0.9 

219 

1 . 952 

Dibromobenzene {p) 


87-8 

218.6 

2.261 

Diiodobenzene ( 0 ) 

(’ 6 H 4 I 2 

27 

280.5 


Diiodobenzene (rw) 


40.4 

284.7 


Diiodobenzene (/>) 


129.4 

285 


Benzyl chloride 

CM 5 CH 2 CI 

-39 

179.4 

] 1 20 V 20 ® 

Benzyl bromide 

CellfiC^HsBr 

- 4 

198-9 

1 . 4431 ’'° 

Benzyl iodide 

CeHfiCIUI 

24.1 

93 

1.7342&° 

Benzylidene chloride 

CMtCHCh 

-10.1 

214 

1.295i«° 

Benzylidene bromide 

C6llr.(’IIBr2 


1402» 

1.511'^° 

Benzylidyne chloride 

CcHsCl In 

-21.2 

220.7 

1.3814“ 

Chlorotoluene ( 0 ) 

CICM 4 CHS 

-34 

159.5 

1 . 082 

Chlorotoluene (m) 


-47.8 

101.6 

1.072 

Chlorotoluene (p) 


7.5 

162.2 

1 .07 

Bromotoluene ( 0 ) 

Br( elDf'Hn 

-28 

181.8 

1.422 

Bromotoluene (/w) 


-39.8 

183.7 

1 41 

Bromotoluene (p) 


28.5 

184-5 

1.39 

lodotoluene ( 0 ) 

irfiH4(’n3 


211-2 

1.698 

lodotoluene (m) 


204 

1.698 

lodotoluene (p) 


35-0 

211.5 



Preparation 

(1) The nuclear monohalogen compounds (true aryl halides) may be 
prepared by direct action of a halogen upon benzene: 

Use of carrier 

CcHc + Ch ^ HCl + CeHBCl 

AlBrs, Fe + FeCls, etc. 

The chlorination of benzene is carried out in the presence of iron or iron and 
ferric chloride.* Cooling is necessary to keep the temperature at about 
40®, and somewhat less than the calculated amount of chlorine is used to 
avoid the production of dichlorobenzenes. The crude product is freed from 
hydrogen chloride, and purified by distillation. 

Free halogen (Cl 2 , Br 2 ) may be used for halogenation, but it is also 
feasible and desirable in some instances to use derivatives. Examples of 
* See footnote, page 86, referring to the action of halogen carriers. 
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Paul Sabatier. (French, 1854-1941.) 
Sabatier’s early work was in the field of 
physical chemistry. He later turned to 
the organic field. He is best known for 
pioneering work in hydrogenation. He 
received the Nobel prize in 1912. See 
J. ("hem. Education^ 7, 1488 (1930); also 
this book, page 409. 




Journal qf the Chemical Sod^y {London)* 


Arthur Hantzsch. (1857-1935, Ger- 
man.) Known for his theory (with 
Werner) regarding the stereochemistry of 
nitrogen, for much valuable synthetic 
work, and for his theory of chromo- 
isomerism (change of color of dyes and 
indicators associated with structural 
change). See J. Chem. Soc. (London), 
1936, 1051; also this book, page 481. 
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such are sulfuryl chloride (used for nuclear substitution with the chlorides 
of iron, aluminum, antimony; used for side-chain substitution with chlorides 
of phosphorus, arsenic, bromine), sodium hypochlorite, organic peroxides. 

Substitution takes place more readily than with aliphatic hydrocarbons,* 
especially when a carrier is employed. With increase of temperature and 
additional halogen, the di-halogen derivatives, etc., are formed. Iodine 
derivatives cannot be formed in this manner, excei)t at high temperature 
and under conditions which remove the hydrogen iodide as it is formed. 
This latter may be accomplished by the use of iodic acid : 

IIIO3 + 5 HI -> 3I2 + 3H2O 

Nitric acid may also be used to oxidize the hydrogen iodide. If hydrogen 
iodide is not removed, the reaction in this case is reversible: 

CoHe + I2 HI + CeH.a 

In preparing fluorine compounds indirect means are used, as direct 
fluorination is ordinarily a very violent reaction. 

(2) The action of phosphorus trihalidc or pcntahalide on a phenol gives 
a small yield of aryl halide. The phosphorus pentahalide is preferred for 
this reaction. 

With aromatic compounds this is in general not a practical method by 
which to form the halogen derivatives, while in the aliphatic series the pro- 
duction of halogen compounds by treatment of alcohols with phosphorus 
halide can be effected in many cases. 

(3) A very important indirect method for the preparation of aryl halides, 
especially useful for the iodo and fluoro compounds, is found in the decom- 
position of certain diazonium salts (Sandmeyer reaction). The steps 
involved in this synthesis are shown on page 483. The Sandmeyer reaction 
is also useful in cases in which direct halogenation would not give the desired 
placement of halogen atom. 

(4) A recent method for the preparation of chlorobenzene involves heat- 
ing a mixture of benzene and hydrogen chloride with air in presence of a 
catalyst : 

230 ® 

Celle + HCl + HO2 ^ H2O + CeHeCl 

This method is important in connection with the preparation of phenol. 

Polyhalogenation. By raising the temperature of halogenation and 
employing a higher percentage of reagent, the dihalogen derivatives of 
benzene are formed. Only a few per cent of the meta compound results, 
most of the yield consisting of para and ortho compounds. The ratio of 
para to ortho compounds in the preparation of the dibromobenzenes (iron 

* Certain groups facilitate the bromination and chlorination of benzene, notably OH and 
NH2. Phenol, CeHsOH, and aniline, C6H6NH2, may be brominated by the use of bromine- 
water. 
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catalyst) is about 7:1. This para-ortho ratio varies in different halogenations 
according to the temperature and catalyst employed. Upon cooling such 
a mixture the para compound often separates as a solid which is easily puri- 
fied. The ortho isomer contains dissolved para compound, and since the 
ortho and para compounds have almost identical boiling points (see table) 
a distillation is not practical. For the reasons given here indirect methods 
are often used to make the meta and ortho compounds. These methods will 
be given in later chapters. 

Continued chlorination of benzene gives trichlorobenzenes (mainly the 
1,2,4-compound) and tetrachlorobenzenes, finally hexachlorobenzene. 

The halogens retard nuclear reactions of benzene though they belong 
to the para-ortho directing group (see page 4 1C). 


Preparation of Halogen Derivatives of Benzene IIomologs 


(1) As already explained (page 413) the position taken by halogen atom 
(in nucleus or side-chain) is determined by the presence or absence of a 
carrier,* the temperature employed, and tlie use or absence of sunlight or 
ultraviolet light. The conditions involved are briefly indicated in the fol- 
lowing scheme representing the reaction of tohume and chlorine (for con- 
venience the reagent and by-product arc omitted) :t 



In laboratory chlorinations it is convenient to introduce chlorine until 
the gain in weight corresponds to that calculated for the reaction. In 
large-scale work the change in specific gravity may be used as an index of the 
progress of the reaction. 

* This is the most important variable. 

t These rules of substitution must not be too rigidly applied; like the Brown-(*ibson rules 
they show what will be the chief product in a given case. The halogenation of a hydrocarbon 
at the boiling point will affect the nucleus to some extent, while halogenation in presence of a 
carrier will produce a certain amount of side-chain substitution. 

t The presence or absence of moisture also is important. Recent work has shown that 
peroxides greatly increase the rate of bromination and chlorination of toluene, apparently 
favoring side-chain substitution. 
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By successive alternate treatments halogen may be placed both in 
nucleus and side-chain, as found in p-chlorobenzyl chloride. 

( 2 ) Methods used to form alkyl halides are applicable for the introduc- 
tion of halogen into the side-chains of aromatic compounds. Thus benzyl 
alcohol with hydrogen bromide yields benzyl bromide: 

CellnCIIaOH + HBr ;:± H2O + CeHsCHaBr 

To repeat — introduction of halogen into aliphatic side-chains of aromatic 
compounds may be effected by methods successful in the aliphatic series, 
while halogen "s usually placed in the benzene nucleus by direct halogenation, 
or by the use of the Sandmeyer reaction. 

Reactions 

The reactions of the true aryl halides and the side-chain halogen com- 
pounds are illustrated in the examples given below. While the substances 
last mentioned claim all of the reactions of alkyl halides, the true aryl halides 
are far less reactive. The halogen atoms of such compounds are easily 
removed only by an active metal, as in the Fittig and Grignard reactions. 
The aryl halides therefore do not fill the same position as synthetic agent s as 
do those of the aliphatic series. Special, and perhaps expensive, means are 
needed to enhance their reactivity. 

( 1 ) Halogen in the nucleus (tightly held). 

(a) Wurtz-Fittig reaction: 

2Na 

C6H5Br + BrCzIIs 2 NaBr + CoHs CzHb Ethylbenzene 
The mechanism of this reaction has been given (page 405 ). 

(b) Formation of Grignard reagent: 

CeMsBr + Mg — > CeHsMgBr Phenylmagnesium bromide 

( 2 ) Halogen in side-chain (loosely held). The reactions are like those 
of aliphatic halides (see Chapter IV for review) . 

The halogen when next the ring, as in benzyl bromide, is more easily 
removed than in the corresponding alkyl halide. 

(a) Hydrolysis: 

CeHsCHaBr + H2O HBr + CeHsCIIaOH Benzyl alcohol 

(b) Amine formation. 

CeHsCHaBr + 2HNH2 NH4Br + CeHfiCHjNHa Benzylamine 

(c) Formation of Grignard reagent: 

CeHBCH2Br + Mg CeHBCH2MgBr Benzylmagnesium bromide 
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(d) Oxidation: 

Oxid 

C6H5CH2CI > finally, CeHsCOgH Benzoic acid 

The difference in character between the true aryl halides and those deriva- 
tives in which halogen is found in the side-chain should again be emphasized. 
The former are not subject to hydrolysis under ordinary conditions* and 
they do not react by double decomposition with anything like the same 
facility as do the side-chain halides (aralkyl halides). t 

Isomers belonging to the two classes may easily be distinguished by 
reason of the above differences. 


Example : 



f^CHa 

(a) + 1120 No effect (under ordinary conditions). 

IJci 


(b) 


r^cHsCi 

+ HaO HCl + 



(c) + HNH2 — ^ No effect (under ordinary conditions) 

^C1 

(d) ^ + 2HNH2 NH4CI + 

’ v 

* By using high temperature and pressure and a catalyst, the replacement of chlorine of the 
ring by hydroxyl or amino group may be brought about. The application of this method is 
relatively recent, but large amounts of phenol and aniline are now being made in this way. 
(See pages 459, 495.) 

t The attachment of halogen to the carbon of the benzene nucleus is loosened by the 
substitution of nitro groups, especially when these are ortko to the halogen atom. Thus in 
dinitrochlorobenzene, (1»S,4) the chlorine atom behaves like that of an alkyl halide and is 
readily replaced. 

KOH 

C6H,(N02)2C1 >KCl + C6H3(N02)20H 

2NH3 

C6H8(N02)2C1 ^NH4C1 -I- CeH3(N02)2NH2 

p- and o-Nitrochlorobenzenes react in a similar way and are used to make the corresponding 
nitrophenols and nitroanilines. 
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^cn 


(e) 


(f) 


V/ 


'Cl 


Oxid r Nc— OH 
.Cl 


/ 


0 


/NcHoCI Oxid r^(’— OH 


v/ 


V 


structure of Compounds. We noted on page 88 that vinyl bromide^ in 
which the halogen atom is joined to a doubly-bonded carbon, does not behave 
like an alkyl halide. Allyl bromide (page 90) which has halogen atom on a 
carbon once removed from a doubly-bonded carbon is, on the contrary, more 
reactive than the corresponding saturated compound. The same behavior 
has been noted in other similarly constituted aliphatic compounds. 

Now in an aromatic nuclear halogen compound we have an arrangement 
similar to that of a vinyl halide (sec 1 below) 


Ax 

Ac’HsX 

ACH 2 CH 2 X 

0 

1 

V 

V 

HaC^^CHX 

HaC-ClICIbX 

lljC-ClKHjCHzX 

1 

11 

III 


and we should expect the lessened activity actually observed. (The loss 
of HX characteristic of vinyl halides cannot occur with the benzene ring.) 
A side-chain halide like benzyl chloride has an arrangement like allyl chloride 
(II above) and is correspondingly active. A compound with an arrangement 
like that of III shows no enhanced activity. 

Uses of Halogen Compounds 

Chlorobenzene is industrially important for manufacture of certain 
dyes and for the synthesis of phenol and of aniline. Both o- and ^-dichloro- 
benzenes are insecticides, the latter being preferred. Bromobenzene is a 
valuable laboratory compound for Grignard and Fittig reactions. Benzyl 
and Benzylidene chlorides are intermediates, used in industrial laboratory 
synthesis of benzaldehyde, esters, dyes, photographic developers. For 
interesting charts of syntheses from chlorobenzene see reference 3. 

lODOSOBENZENE AND loDONIlJM CoMPOtTNDS 

These compounds have no great importance but they display interesting properties 
They were extensively investigated by Victor Meyer. lodobenzene differs from chloro- and 
bromobenzene in forming derivatives in which the halogen is multivalent. These may be 
likened to such inorganic compounds as iodine trichloride. Ids, etc. lodobenzene in chloro- 
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form solution reacts with chlorine to form phenyl iodoso chloride: 

CeHfil H- CI2 “► CcHJCIa Phenyl iodoso chloride 

The latter may be converted to iodosobenzene by treatment with potassium hydroxide: 

CoHJ( I2 + 2K()lf 2K(1 -f H2O + CfiHftTO Iodosobenzene 

Iodosobenzene on being heated yields iodobenzene and iodoxybenzene (oxidation product 
of iodosobenzene). 

Heat 

^CellfilO ► CoIIftT -f- (^6116102 Iodoxybenzene 

This is an example of an intermolecular oxidation and reduction. Both iodosobenzene and 
iodoxybenzene are very unstable substances; both are oxidizing agents by virtue of the 
unnatural valence of the iodine atom. 

Iodosobenzene mixed with iodoxybenzene and moist silver oxide yields diphenyl iodonium 
hydroxide: 

( JlfilO + (VJIblO^ + AgOIl-^AglOa + (CelD-JOII 

The latter compound is remarkable in that it is a strong base, strictly comparable to the 
organic ammonium and sulfoniurn bases (page 309). 

REVIEW QUESTIONS 

1. Write equations showing how to prepare: (a) Chlorobenzene; (b) Iodobenzene; (c) p-Di- 
chlorobenzene; (d) Benzyl chloride; (e) p-Tolyl chloride; (f) p-( -hlorobenzyl chloride; 
(g) Benzylidene chloride. Describe each process briefly. 

2: Write two chemical names for each of the last four compounds named above. 

3. What reactions may be used to distinguish the following compounds from each other: 

(a) CeHfiCHaBr and Cn.CJhlW (b) CcHsCHCb and CIC6H4CH2CI? 

4. Write the formulas of the compounds which would result from the action of water, of 

ammonia, and of an oxidizing agent, upon: (a) C6H6CH2CI; (b) CIC6H4CII2CI; (c) 
CH3CflH4Cl. 

5. By what means could the presence of bromine be demonstrated in the following com- 

pounds? (a) CHaCeHsBra; (b) CfiHeCHBrs. 

6. In direct chlorination of benzene which trichlorobenzene would probably form in smallest 

amount? 

7. Suppose you were trying the reaction indicated on page 431. Describe the tests you 

would make to prove w'hethcr or not the indicated reaction had taken place. Write 
equations for the tests (assume a positive result). 

8. Write equations for those reactions of bromobeiizene which are shared by ethyl bromide. 

9. What physical and chemical traits are of use in the identification of an aryl halide? 

10. In what order should the reagents be used in making the following compounds from 

benzene? (a) p-Chloronitrobenzene; (b) w-Bromonitrobenzene; (c) p-Bromobenzene- 
sulfonic acid; (d) p-Bromotoluene. 

11. Complete the following equations. 

(a) CeHftCHCb + KOH solution 

(b) CflH6CH2Br + KCN 

(c) C1C«H4CH2C1 + hot KMn04 solution 

(d) CflHfiCHaBr -f Mg (ether) 

(e) CeHfiCH, + CI2 (heat, sunlight) 

12. The compound (A) contains 66.4% C, 5.53% H, and 28.0% Cl. It does not appear to 

react with NaOH solution, but upon oxidation with permanganate solution it yields an 
acid (B) of m.p, 141-2®C. (B) contains 53.7 % C, 3.20 % H, 20.45 % O, and 22.68 % Cl. 

What is the structure of (A) ? 
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IS. Compound (A) contains C, 3.7S% H, and 44.1% CL Upon reaction with dilute 

NaOH solution the compoimd (B) is secured. This contains 58.95% C, 4.91% H, 
24.91 % Cl, the balance being oxygen. Oxidation of (A) yields a monocarboxylic acid 
(C) of m.p., 242-3®C. A sample of (C) weighing 0.1565 g. will neutralize 11.05 cc. of 
0.0905 N NaOH solution. What is the structure of (A) ? Give complete proof. 
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CHAPTER XXII 


SULFONIC ACIDS 


Preparation. When sulfuric acid reacts with an aromatic hydrocarbon, 
a derivative is formed in which OH group of the acid is replaced by aryl 
radical with loss of water: 



\/ + i^— SO2— OH 


H2O + 



Benzene- 
sulfonic acid* 


Ordinarily concentrated sulfuric acid or acid containing dissolved sulfur 
trioxide (fuming sulfuric acid) is employed for this process.f The reaction 
is known as sulfonation; the product, called a sulfonic acid, has SO3H 
group substituted for nuclear hydrogen atom. As we shall see, the reaction 
of l 3 ulfonation has considerable importance in the aromatic series. By 
continuing the reaction, using a higher concentration of sulfuric acid and 
higher temperature, a disulfonic acid is formed: 


/XsOsOH 


+ H2SO4 H2O + 


/NsOs-OH 




S020II 


m-Benzenedisulfonic acid 


Ready sulfonation is characteristic of the aromatic series; aliphatic 
saturated hydrocarbons are in general resistant to the action of sulfuric acid. 
The entrance of SOsH group into the benzene ring is hindered by the presence 
of carboxyl group, but the presence of NH2, OH, or alkyl group favors the 
reaction. (See note, page 416 .) The introduction of a second sulfonic 
group is made more diflScult by the presence of the first (w^^a-directing, 
‘ ‘ hindering ' ^ group) . 

It should be distinctly noted that the sulfonic acids are not similar to 
such compounds as ethylsulfuric acid, C2H6OSO2OH (Ethyl hydrogen 
sulfate) in which hydrogen of sulfuric acid has been replaced. Such a 


* This reaction is not to be interpreted as a double decomposition. The exact mechanism 
is unknown. One theory proposes that the acid first adds to benzene; water is then split off 
in a second step. 

t In some cases chlorosulfonic acid, ClSOjH, is used. In sulfonation of toluene this reagent 
gives a larger yield of odAo compound than can be had when sulfuric acid is used (see page 480). 

4S7 
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substance is an ester, easily hydrolyzable. Sulfonic acids are to be com- 
pared with carboxylic acids: 


K(X)2H Carboxylic acid 

IlSOall Sulfonic acid 


They arc strong acids; tlu'y have the sulfur atom directly connected to 
carbon, therefore they hydrolyze with difficulty. 

Another method of forming a sulfonic acid depends upon the oxidation 
of a thiol: 

Oxid 

CfiHsSTI > (^Jl5S()3H 

Benzenethiol 

This reaction confirms the statement that sulfur and carbon are directly 
joined in a sulfonic acid. 

Physkal Propeuties 

Most of the sulfonic acids arc crystalline solids, quite water-soluble. 
Many are hygroscopic. In general the sulfonic acids do not possess sharp 
melting points, and they may not be distilled, as tlivy decompose on being 
strongly heated. They have all the characteristics of strong acids, and 
under ordinary conditions are quite stable compounds. Tl'heir barium 
and calcium salts are water-soluble, in contrast to the l)ehavior of sulfates. 

Isolation of Sulfonic Acids. Because of their ready solubility in water, 
special methods are needed to isolate the sulfonic acids, (a) Following a 
sulfonation the excess sulfuric acid may be precipitated as barium sulfate 
by treatment of the mix with barium carbonate. Following filtration, the 
solution is treated with just enough sulfuric acid to precipitate the barium 
ion as barium sulfate, after which evaporation of the solution yields the sul- 
fonic acid.* 

(b) The sodium salt of a sulfonic acid may usually be precipitated by 
pouring the sulfonation mix into cold concentrated brine. 

Uses. Sulfonation is often resorted to because of the increased solubility 
in water which is conferred on the compound so treated. Thus many dyes 
are made soluble by introduction of SO 3 H group. Excellent detergents and 
wetting agents (page 220) are made by the sulfonation of alkyl benzenes. 
The formula RC 6 H 4 S 03 Na illustrates this type of detergent; R is composed 
of from 12 to 18 carbon atoms. 

Reactions 

Sulfonic acids form the same types of derivatives (esters, amides, etc.) 
which have become familiar through our study of the carboxylic acids. In 
* In commercial work lime is used, giving the soluble calcium sulfonate. This operation 
is known as “liming out.” After removal of insoluble calcium sulfate by filtration, sodium 
carbonate is added to the filtrate; this gives insoluble calcium carbonate and leaves a solution 
of the sodium sulfonate, from which the water is evaporated to yield the solid sodium sulfonate. 
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general these derivatives arc produced by the same reactions used with 
carboxylic acids. This similarity will be noted in the examples which 
follow. 

(1) Acid (Ihloride. Sulfonyl chlorides arc formed by the action of 
PCI 6 upon sulfonic acids: 

CoHsSOall + PCI 5 — > POCI 3 + IlCl + C 6 II 5 SO 2 CI Benzenesulfonyl 

chloride 

however, it is more practical to employ the salt of the acid in this reaction: 

3CJIr,S03Na + PCI5 -> NaPOa + 2NaCl + 3 C JT5SO2CI 
^CJIsSOaNa + POCla NaPO., + NaCl + JI5SO2CI 

It is also feasible to prej)are a sulfonyl chloride by the use of chloro- 
sulfonic acid: 

CcHe + ^CLSOsH HCl + II2SO4 + C Jl5S()2Cl 

If the sulfonic acid is desired it may be obtained by hydrolysis of the acid 
chloride : 


A 

C 6 H 5 SO 2 CI + II 2 O HCl + CJJSOAl 

Tlenzenesulfonyl chloride is typical of aromatic sulfonyl chlorides. It is 
a liquid of characteristic and very disagreeable odor, having the chemical 
behavior of an aromatic acid chloride, such as benzoyl chloride. Its vapor is 
lacrymatory. 

(2) Esters and amides of sulfonic acids are best made from the acid 
chloride as indicated in the following equations: 

C JlsSOg— icii + :H:— OC 2 H 5 HCl + C6Hr,S02— OC 2 H 5 Ethyl ben- 

zenesulfo- 

nate 

These esters when heated give olefins. Heated with alcohols, they yield 
ethers. There is less charring in either case than when sulfuric acid is 
employed. 


NH, 


C 6 H 5 SO 2 — iClj + iH: > NH 4 CI + C6H5S()2-~NH2 

"'T 

NTI2 


Benzenesulf on- 
amide 


Amides of sulfonic aci<ls may be crystallized from hot water. Like other 
amides they have definite melting points and serve to identify their acids. 

When 2 >-toluenesulfonamide is treated with sodium hypochlorite solution 
“positive’’ chlorine substitutes for hydrogen on the nitrogen atom. The 
resulting compound (sodium salt) is Chloramine T. The corresponding 
dichloro compound is Dichloramine T. 
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The yield here is not good but the reaction is sometimes useful. The two 
reactions illustrated show how the sulfonic group is transformed to carboxyl, 
and suggest methods of introducing carboxyl group into the benzene nucleus. 
It should, however, be noted that the above method for producing a nitrile 
is not as practical as the Sandmeyer reaction (presented on page 483). 

Hinsberg Reaction. The Hinsberg reaction is used to distinguish 
between primary, secondary, and tertiary amines (see page 471), and may 
also be used to separate each from a mixture. Benzc'iiesulfonyl chloride 
is the reagent. It forms sulfonamides with primary and secondary amines, 
but has no such action upon tertiary amines. For illustration of the use of 
this reagent, its actions with methylamine (j)rimary) and dimethylamine 
(secondary amine) are shown below: 


^^V-so* 


d 


+ IHj— N— CHa HCl + 


/\-SOy— N— CHa 

\/ 


This compound is soluble in NaOH solution, forming a .salt. 


: 0 : 

CoHf,:S:N:Me 

: 0 :‘' 


Salt anion 



CHa 

7 . 1 . / 

jH — N HCI + 

1.-1 ^ 

CHa 


/\-SOr-N^ 


CHa 






CHs 


This compound is not able to form a salt as it lacks mobile hydrogen atom. 
It is insoluble in NaOH solution. 


:0:Me 1 ® 

CeHarSiNrMe 

: 0 :" 

Benzenesulfonyl chloride does not react with tertiary amines, as the latter 
have no removable hydrogen atom (see reactions of amines. Chapter XVI). 
As suggested above, the primary and secondary amines may be separated 
by the action of sodium hydroxide solution upon their sulfonamides. The 
free primary and secondary amines are released on boiling the sulfonamides 
with sulfuric or hydrochloric acid. 
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SULFONATION OP BeNZENE HoMOLOGS 

As has already been stated the reaction of sulfonation takes place more 
easily with benzene homologs than with benzene. 'J^lie resulting com- 
pounds are similar to the bcnzenesulfonic acids in their reactions. 

Example: Formation of tolucnesulfonic acids: 

CHa 

/ 

Cells CHs + IIsSO, -» II2O + C6H4 (p. also o) 

^SOaH 

At water-bath temperature this reaction produces chiefly p-toluenesulfonic 
acid, while at room temperature the ortho compound predominates. p-Tol- 
uenesulfonyl chloride is sometimes used in the Hinsbcrg reaction in place of 
benzenesulfonyl chloride. Alkyl esters of p-toluenesulfonic acid may be 
used as alkylating agents. 


Naphthalene Sulfonic Acids 


Other aromatic nuclei besides benzene are, of course, subject to sul- 
fonation, but in this book attention is confined largely to benzene com- 
pounds, because of lack of space for further discussion. However, the 
sulfonic acids of naphthalene deserve passing mention because of their great 
importance in the dye industry. The numbering system used with naph- 
thalene is shown in the figure below, also another system in which the posi- 
tion of groups is indicated by the letters alpha (a) and beta (j3). 



or 


a4 CKl 


az a2 


In the sulfonation of naphthalene the position taken by the SO3H group 
is dependent upon temperature, low temperature favoring alpha substitu- 
tion, while high temperature during the reaction increases the yield of beta 
compound. 



SO3H 


H2SO4 low temp. (80°) 

<jc-NaphthaIenesulfonic acid^ 
predominates 



\ 

high temp. (160°) 


\A/ 


^-Naphthalenesulfonic acid 
predominates 
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Naphthalenesulfonic acids containing other groups, like NH2 or OH (mixed 
compounds) find wide employment for the making of dyes. The introduc- 
tion of the sulfonic group into naphthalene has the effect of increasing the 
solubility of the compounds in water, as was also noted with the benzene 
compounds. This explains the sulfonation of dyes, which are often rela- 
tively insoluble in water, 

REVIEW QUESTIONS 

1 . Write formulas for the products formed by the sulfonation of toluene, of chlorobenzene, of 

nitrobenzene, of benzenesulfonic acid. 

2. What proof is there that the sulfur atom of benzenesulfonic acid is directly joined to the 

benzene nucleus? 

8. Write equations for the reaction of y>-tolucnesulfonic acid with: (a) PC/h; (b) EtOH; (c) 
HaSO.;; (d) An oxidizing a^'ent ; (e) Superheated steam. 

4. What would be formed by the following treatment of the sodium salt of o-tolueiiesulfonic 

acid; {a) Fusion with an excess of NaOH? (b) Reduction? (c) Reaction with KCN? 
(d) Treatment, of K salt with sodium formate? 

5. Write graphic formulas of the compounds which would be produced by the action of 

benzenesiilfonyl chloride upon: (a) Nils; (b) />Toluidine; (c) Diethylamine. (d) Would 
any of these compounds dissolve in sodium hydroxide .solution? If so why? 

(}. Show by equations the use of the Ilinsberg reagent in distinguishing between propylamine, 
methylethylamine, and trimethylamine. 

7. Why are dyes and other heavy molecules often sulfonatcd? 

8. What indirect methods have wc for introducing the sulfonic group into a ring? 

9. Suggest a method for making halazone from p-toluenesulfonyl chloride. 

10. How may a sulfonic acid be removed from a sulfonation mixture? 

(R)ll. The sodium salt of compound (A) contains 48.8% C, 8.60% IT, 24.74% O, 10.49% S, 
and 1 1.85 % Na. Upon fusion with KCN it gives the compound (B) whose acid hydroly- 
sis yields ((^.), which is an acid containing 70.6% C, 5.88% II, and 28.58% 0. Molec- 
ular weight of ((0 is 186, Oxidation of (C) gives an acid (D). When (D) Ls heated 
above its melting point, it loses water and passes to the compound (E). Compound 
(E) melts at 180--1°(-. It contains 64.88% U, 2.70% H, and 82.48% 0. Explain the 
reactions discussed and prove the structure of (x\), 

LITERATURE REFERENCE 

(i HOGGINS. Unit froccsscs in organic sgnthcnis. McGraw-Hill Book Co., 1988, 283. (Sul- 
fonation.) 



CHAPTER XXIII 


NITRO COMPOUNDS 

The industrial preparation of aliphatic nitro compounds is an accom- 
plishment of recent years, as special means are necessary to produce them 
(page 297 ). The aromatic nitro compounds are more easily prepared and, 
as a consequence, they have been thoroughly studied. Many aromatic 
nitro compounds are valuable intermediates and many, such as nitrobenzene 
and polynitro compounds, have important direct applications. They are 
produced by interaction of a hydrocarbon or substituted hydrocarbon with 
nitric acid: 

C\H6|H TH0 |N02 H2O + C6H5NO2 Nitrobenzene 

The reaction is termed nitration.* As carried out in practice, concentrated 
sulfuric acid is generally mixed with the nitric acid to take up the water 
produced in the reaction and so prevent dilution of the nitric acid.f Though 
fuming nitric acid may be employed to raise the nitric acid concentration, 
the use of the cheaper sulfuric acid is an economical measure.it 

Nitration may also be carried out with sodium nitrate and sulfuric acid, or by the use of 
nitric acid in acetic acid or acetic anhydride. With these solvents nitric acid forms diacetyl 
ortho nitric acid, (CH3C()2)vN(OII)3, which apparently is responsible for the nitrating action. 
Acetyl nitrate, CH3CX)2N()2, formed by action of N2O6 upon acetic anhydride, is a valuable 
agent. It is used in solution in carbon tetrachloride or acetic anhydride, and has a tendency to 
nitrate in ortho position; this is frequently very much in its favor. Benzene may be nitrated 
to nitrobenzene in good yield by heating the vapor with nitrogen dioxide ( 310 °, silica gel 
catalyst). 

Aliphatic saturated hydrocarbons are in general unaffected by nitric 
acid, except under extreme conditions, when oxidation may take place; while 
nitration is the rule with the aromatic hydrocarbons. It proceeds readily 
with benzene, and increasingly so with its homologs. The reaction is used 
in this way to tell one class of these hydrocarbons from the other. 

* The mechanism of the nitration reaction has not yet been determined with certainty. 
The equation given here is purely formal, that is it shows entering compounds and products, 
but not the “how'* or the “why” of the reaction. 

t The term mixed acid is often applied to a sulfuric-nitric acid mixture. 

X If the nitric acid is allowed to become dilutq, nitration will slacken or cease; moreover the 
dilute acid is far more likely to cause oxidation than is concentrated acid. Again, in some 
cases dilute acid causes substitution of nitro group on an alkyl side-chain. In certain cases the 
sulfuric acid affects the orientation of the nitro group. Thus nitration of acetanilide gives 
mainly the p-nitro compound, while nitration of aniline in sulfuric acid solution gives princi- 
pally the meta compound. Nitration of acetanilide in carbon tetrachloride solution with 
acetyl nitrate gives a large yield of the ortho compound. 
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The introduction of a second nitro group into the benzene ring requires a 
higher temperature and more concentrated acid than is needed for the first 
group. The third group enters with still more difficulty, and not more than 
three nitro groups may be introduced by direct nitration. Nitration of the 
benzene ring is facilitated by the presence of OH, NH2, or CHa groups 
{para and ortho orienting groups); thus phenol is easily nitrated at room 
temperature by dilute nitric acid. Nitration is hindered by NO2 group, 
SO3H, or CO2H {meta orienting), and also by the halogens. 

Structure of Nitrobenzene 

Nitrobenzene is a typical aromatic nitro compound, and the facts given 
below in proof of its structure apply as well to other nitro compounds. 

(1) The nitrogen in nitrobenzene is attached to carbon of the ring, like 
the sulfur atom in a sulfonic acid. This contention is supported by the 
following facts: 

(a) The compound is practically non-hydrolyzable, i.e., not an ester 
(CeHsONO). 

(b) Complete reduction of nitrobenzene gives aniline, C6 HbNH 2> an 
aromatic amine in which nitrogen is attached to carbon. 

(2) Nitrobenzene is not an acid. It is formed in the same manner as is 
benzenesulfonic acid, but there being only one OH group in nitric acid, its 
removal in the reaction also takes away the acidic properties of the com- 
pound. Sulfuric acid being dibasic, its benzene derivative retains one 
replaceable hydrogen. Note the formulas below: 

One replaceable hydrogen remains. 

Compound acidic. 

Benzenesulfonic 
acid 

Replaceable hydrogen lost in formation 
of compound. Non-acidic. 

Nitrobenzene 

The formula shown above is the conventional one for nitrobenzene. 



It is, however, incorrect to show this compound as CeHsN^K) with double 

bonds to each oxygen. Physical measurements show that the nitro group 
has but one double bond, the other oxygen being held by a coordinate link, 

RN — > 0 . Because of the resonance effect, the share of the oxygens in the 
double bond is identical (see page 308 ). 
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Properties of Aromatic Nitro Compounds. Uses 

Nitrobenzene is a pale yellow liquid with a characteristic odor resembling 
almonds. Several other nitro compounds are liquids, but the series com- 
prises solids for the most part. These are either colorless or pale yellow in 
color. Those compounds having NH 2 or OH groups arc sometimes orange- 
colored or red. These dissolve in alkali to give red or orange solutions. 
Mononitro compounds are volatile in steam. 

Simple nitro compounds may usually be distilled; however, a multi- 
plication of nitro groups leads to instability, and certain polynitro com- 
pounds decompose or explode when heated. 

Their uses are mainly for chemical transformations. Several substi- 
tuted nitro compounds are commonly used as explosives. Nitrobenzene, on 
account of its odor and general ability as a solvent, is used in metal polish, 
shoe polish, and has even been used in soaps. Its chief use is for the prepara- 
tion of aniline. It is sometimes employed as an oxidizing agent. 

A number of nitro compounds have strong and peculiar odors. Several 
with the tertiary butyl grouf) have the odor of musk and arc used in per- 
fumery. To this group belong: trinitro-/er/-butyl-toluene; 2,4,6-trinitro-5- 
<er^-butyl-m^^axylene ; l-metJiyl,2,4-dinitro-3-methoxy- 6-<<fr/-butylbenzene ; 
4,6-dinitro-2,3,5-trimethyl-/^r^-butylbeuzene. 

Nitrobenzene is an active poison. The vapor should not be inhaled, 
nor should any of the liquid be allowed to remain in contact with the skin. 
Nitro and polynitro compounds in general are poisonous. The latter often 
cause severe skin irritation. During the First World War 7000 cases of 
T.N.T. poisoning with 105 fatalities were reported from a single plant in a 
period of 20 months. Thousands of cases of poisoning by nitro compounds 
were similarly reported in 1942. 

Reactions of Nitro Compounds 

We will first consider the mononitro derivatives, of which nitrobenzene 
may serve as a type. Derivatives of such compounds are formed by sub- 
stitution; however the most important reaction of nitro compounds is their 
complete reduction, by which amines are formed. The aromatic amines are 
exceptionally useful compounds for synthetic work, hence their production 
from the nitro compounds assumes first importance among the transforma- 
tions of the latter substances. By partial reduction of the nitro compounds 
intermediate reduction products may be made, some of which have 
importance. 

The degree of reduction of nitrobenzene is regulated by control of 
hydrogen ion concentration and the nature of the reducing agent. 

(1) In acid solution complete reduction of nitrobenzene takes place; 
aniline is produced: 



NITRO COMPOUNDS 


447 


Redn 

CftHfiNOa ^ 2 H 2 O + C6H5NH2 Aniline 

6H 


In the laboratory production of aniline from nitrobenzene, tin and hydro- 
chloric acid are commonly used. In commercial operations iron and dilute 
hydrochloric acid are used. Aniline is further discussed in Chapter XXIV. 

(2) In a neutral solution partial reduction takes place to form phenyl- 
hydroxylamine : 


Iledn 

C 6 H 5 NO 2 ^ II 2 O + CeHsNHOH N-Phenylhydroxylamine, 

4II /3-Phenylhydroxylamine* 


Dilute acid converts the hydroxylamine compound to p-aminophenol (see 
“rearrangements,” page 473), while mild oxidation gives nitrosobenzene, 
CellsNO. It will be observed that nitrosobenzene is an intermediate com- 
pound in the reduction of nitrobenzene to phenylhydroxylamine. It is, 
however, impossible to isolate this compound, since it reduces more rapidly 
than does nitrobenzene. However its presence in the reduction mixture 
has been shown by indirect means. Reduction passes this stage to produce 
phenylhydroxylamine, which may then be oxidized back to nitrosobenzene 
if this compound is desired. Another example of this method of gaining an 
intermediate reduction compound is found on page 356 under “Fructose to 
Glucose.” 

(3) In alkaline solution several compounds are formed in which two 
benzene rings are joined by partially reduced nitrogen. The agents used to 
produce these intermediate reduction products from nitrobenzene are 
shown in each case directly over the formula of the substance in the follow- 
ing series: 


Alcoholic 


Sod. stannite 





KOH 




soln. 




©1 

0 

1 









0 

Redn 




Redn j 




Redn 

\ / 


k / 

— N--N 

L J 


L J 

II 

i 

!_ 


> 


o 

Azoxybenzene 


Azobenzene 


Zn dust and 
alcoholic NaOH 


0 0 

V\h h/V 

N— N 


Hcdn 


Hydrazobenzene 


j^NHj 

KJ 

Aniline 


* The capital N in the name indicates substitution of phenyl group on the nitrogen, not on 
oxygen. The beta indicates the same thing. 
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Secondary Reduction Products of Nitrobenzene. The formation of 
these bimolecular products is due to the reactivity of nitrosobenzene and 
phenylhydroxylamine. These by various combinations yield the above 
“secondary** reduction products. Thus, reaction of phenylhydroxylamine 
and nitrosobenzene gives azoxybenzene : 

H 

CeHsN— OH + ON— CeHa + Cells— N=N—C6H6 Azoxybenzene 

i 

Whereas phenylhydroxylamine shifts to p-aminophenol in acid solution: 

Acid 

CeHe— N— OH > nOC 6 H 4 — NHz ?>-Aminophenol 

H 

in alkaline media it undergoes mutual oxidation and reduction to azoxy- 
benzene and aniline: 

SCeHe— N— OH 2 H 2 O + Cells— N=N— Cells + CellsNHg 

H i 

O 

Hydrazo benzene may be oxidized to azobenzene by unreduced nitro- 
benzene, or the azobenzene may be formed as follows: 

CeHs— N=0 + H 2 N— CeHs H 2 O + CeHsN^-NCeHs Azobenzene 

The final reduction product in alkaline solution is aniline. Hydrazo- 
benzene, the intermediate directly before aniline, when treated with acid 
undergoes a shift, changing to the compound benzidine (sec page 679). 
The latter is used in the formation of a type of dye and has other chemical 
uses which make it important. p-Aminophenol also has some importance 
(see page 510). Azoxybenzene and azobenzene have lesser importance. 

Electrolytic Reduction. The reduction of nitrobenzene, as well as the 
reduction of many other organic compounds, is very effectively carried out 
by the use of the electric current. This method is used for p-aminophenol. 
Nitrobenzene is reduced electrolytically in sulfuric acid. The phenyl- 
hydroxylamine then rearranges to p-aminophenol immediately as it is 
formed. The electrolytic method has obvious advantages in that extra- 
neous chemicals are avoided. It is often susceptible of better control than 
would be possible in a chemical oxidation or reduction. A drawback is 
the insolubility of organic compounds in water and their general refusal to 
act as electrolytes. This makes necessary the addition of inorganic elec- 
trolytes, which may possibly react at a lower potential than is required for 
the organic compounds present, or may react in a detrimental manner with 
the organic compounds. 
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Reactions of Dinitrobenzenes, Etc. 

m-Dinitrobenzene. ( 1 ) Reduction, The complete reduction of a 
dinitro compound yields a diamine. Thus from w-dinitrobenzene m-phenyl- 
enediamine is secured: 

NO2 NH2 

/ Redn / 

C6H4 {ni) > 4II2O “f- 06^4 ('WI-) 

\ 1 *H \ 

NO2 NH2 

m-Phenylcnediamine, 

Benzenedi am i rie 


It is possible to reduce but one of the nitro groups of this compound by 
using ammonium sulfide as reducing agent. A nitroamine results from 
this action: 


NO2 

/ 

CeH^ (w.) + 3(NH4)2S 

\ 

NO2 


NO2 

/ 

6NH3 + 3 S + 2H2O + C6H4 (to) 

\ 

NHz 

-Nit roan iline 


Alcoholic stannous chloride may also be used to reduce one nitro group when 
two are present. 

(2) The hydrogens which are ortho or ortho-para to the two nitro groups 
of m-dinitrobenzene are easily displaced by oxidation (but not by substitu- 
tion). We find oxidation occurring readily at this point. In this way 
dinitrophenols are formed : 


N02 


NO2 

A 

CM 

Aoh 

also 

\^02 

' 02 n 1 ^n 02 

kjNO: 


‘i,4-Dinitrophenol 2,6-Dinitrophenol 


Reactions of o-Dinitrobenzene. A second nitro group introduced into 
para or ortho position to one already in the ring is loosely held, and may under 
certain conditions be removed. Thus or^fto-di nitrobenzene, when treated 
with sodium ethoxide in alcohol, yields o-nitrophenetole : 


/V-NO* /\-N02 

+ NaOEt NaNOs + 

“NO2 — OEt 


o-N itrophenetole 


The para compound also shows this reaction but it is in general less reactive 
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than o-dinitrobenzene.* The following equations show how the o-ilinitro 
compound may be transfonned to o-riitroaniline and o-nitro})henol: 


/\-N02 N 


‘2 NII3 in 


‘NO 2 alcohol 
NO2 NaOH 


•NH4NO2 + 


Ct” 

/\-NO: 


2 

NII2 


-NO 2 Heat 


NaN02 + 




OH 


o-Nitroaniline 


o-Nitroplienol 


Trinitrobenzene. When two nitro groups are ineia to a third it is 
loosely held. The situation resembles that in which one nitro group is 
ortho or para to another. 1,3,5-Trinitrobenzene, with alcoholic sodium 
methoxide, loses a nitro gi’oup: 



NaOMe 


MeOH 



^OMe + other products 


When nitrobenzene is heated with solid ])otassjum hydroxide it yields o- and 
p-nitrophenol. This reaction, and those which have been given above, show 
that while nitro group commonly activates the meta j)osition, it can on 
occasion activate the ortho and para positions. An explanation is offered 
by the electronic theory of substitution which is reserved for the advanced 
course in organic chemistry. See also page 495. 

Molecular Compounds. Certain polynitro compounds (picric acid, 
trinitrobenzene) unite with aromatic hydrocarbons to form molecular com- 
pounds. Many of these are quite unstable, but some are sufficiently stable 
to show definite melting points. Thus the picrates of certain hydro- 
carbons (naphthalene, anthracene, etc.) may be used in identification of 
these substances. 

Internal Oxidation by Nitro Group. As said before nitrobenzene is an 
oxidizing agent. Interesting cases are known in which the reduction of the 
nitro group is caused by another group of the same molecule. For instance, 
o-nitrotoluene when heated with alcoholic sodium hydroxide solution is 
converted to anthranilic acid (salt) : 



NaOH 


EtOH 



Anthranilic acid (salt) 


* When two like groups are found on a benzene ring, the influence of one group upon 
the other is usually greatest when they are ortho and least when they are meta to each other. 
The nitro group usually exerts a pronounced influence upon other groups substituted on the 
same ring. An example was given on page 433 and others will be given later. 
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The chart of reactions of nitrobenzene on page 451 summarizes the most 
important transformations of this compound. 


Nitration of Benzene Homologs. Explosives 

The behavior of toluene towards nitric acid characterizes that of other 
benzene homologs. Its nitration yields p- and o-nitrotoluenes: 


CHs 

/\ 




CH 

/X 


+ 2HNO3 aHsO + 


also 


\/ 

NO2 


CH3 

I^NOs 

\J 


Continued nitration produces finally trinitrotoluene. 

Explosives. The explosive nature of polynitro compounds has already 
been mentioned. Trinitrotoluene has a wider use as an explosive than any 
other of the aromatic nitro compounds. It is a reasonably safe explosive, 
requiring strong detonation to set it off. In its manufacture toluene is 
nitrated in three stages to the trinitro compound. Impurities which are pres- 
ent at the end of nitration include dinitrotoluene, tri nitrobenzene, and 
isomers of T.N.T. which result from the further nitration of m-nitrotoluene. 
A detailed description of the removal of these impurities will be found in 
Reference 9, page 455. 


CHa 

OzNrXXNOa 

\/ 

NO2 


T.N.T. 


OjN -N- (TI2CH2ONO2 

I 

02Nr^N02 


Pentryl 


NO2 


Trinitrobenzene is most explosive of the nitrated aromatic hydrocarbons. 
It is very difficult to prepare this compound by direct nitration of benzene. 
It is made from T.N.T. by oxidation of the methyl group. This gives 
trinitrobenzoic acid, xfhich in the hot reaction mixture loses carbon dioxide. 


CHa COOH 

OsN/^NOj Oxid 02 N/\n02 


C02 + 


OjN/^Os 


NO. 


NO; 


N02 


1,3,5-Trinitro- 

benzene 


Other nitrated aromatic hydrocarbons used as explosives are: m-dinitro- 
benzene, trinitro-m-xylene, pentryl, hexanitrobiphenyl, nitrated naph- 
thalenes. For other explosive compounds, see “Explosives” in the index, 
also page 475. 
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Phenylnitromethane. The compound phenylnitromethane, C 6 H 6 CH 2 NO 2 , is isomeric with 
the nitrotoluenes, but of a totally different chemical character, being aliphatic in nature. It is 
prepared from benzyl chloride and silver nitrite: 

CeHsCRz— [aj + 1^— N02~>AgCl + CeHtCHaNOz 


In aliphatic compounds containing nitro group the hydrogen on adjacent carbon is “active** 
(loosely held) as we find it in aldehydes, ketones, etc. (see page 298). The same behavior may 
be expected whenever we have hydrogen on carbon next to a doubly-bound atom. Note the 
following examples: 

OH H 

CHaC— CH 2 — C— OEt CH 3 — C=C— C— OEt 

OH 

CH 3 — C— CHs CHr-C=CH2 

V) 

OH 

CH 3 —C--NH 2 CHa— C=NH 

"^O 

OH 

CH 3 NO 2 Cll 2 =N O 


AH such compounds undergo keto-enol tautomerism, by reason of which they become acidic, 
the loosely bound hydrogen being easily removed. Phenylnitromethane shows these proper- 
ties also, forming salts with bases. 


OH 

H / 

C^HeCHaNOa C6H,r-C==N O + NaOH 


ONa 
H / 

IhO + Cellfi— C==N O 


Phenylnitromethane in its nitro form is a yellow oil of boiling point 226®. It dissolves 
slowdy in a base to give a salt of the acid form. If carbon dioxide is passed into the solution 
the yellow oil reforms, but if the solution is chiUed and treated with a mineral acid, a white solid 
of melting point 84® is obtained. This is the acid form which dissolves rapidly in base; upon 
standing it changes to the nitro form. The solid form colors ferric chloride solution (test for 
OH group) ; the liquid does not. 

Vinylogy. The principle of vinylogy states (in part) that when in a compound of the type 
A — Ei=E 2 a structural unit of the type — f C=Cl — is interposed between A and Ei, the func- 

L| |Jn 

tion of E 2 remains unchanged, but that of Ei may be usurped by the carbon atom attached to A. 
A series of compounds built up in this way with various values of n is called a vinylogotis series, 
the members being vinylogs of one another. This principle is frequently useful. 

For example, the hydrogen atoms of nitromethane are easily removed in condensations 
with aldehydes. Similar reactions are noted with derivatives of toluene, and these are rational 
in view of the fact that nitromethane is vinylogous with the toluene compounds. 


CHa—N * 
A i 
O 


Nitromethane 


EI 2 E 1 I I A 

OaN-fC=C— CH, 

/ \ 

HC CH 


o-Nitrotoluene. vinylog of 
nitromethane (n » 1) 


C— C 

H H 
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EaEi i H H : A 

02 N'-rC=C — C— C-fCHs ^Nitrotoluene, vinylog of 

\ / nitromethane (n ~ 2) 

C-=C 
H n 

n 

O 2 N — C — O— C — CHa m-Nitrotoluene, not vinyl- 

% \ ogous with nitromethane 

C~C=<^ 

H H H 


The CHa group of 0 - and p-nitrotoluencs is active, that of w-nilrotoluene is not. Many other 
cases which illustrate the principle are known, for mention of which Reference 5 should be 
consulted. 


Nitration of Naphthalene 

The alpha nitro compound is formed by direct nitration. It is a yellow 
solid. 

NOs 


+ UNO. -* + 


of-N i t n >11 aph thalen c 


Continued nitration introduces nitro groups in positions 5 or 8, therefore 
6^/a-nitronaphthalene is prepared in other ways (sec page 588). Dinitro-, 
trinitro-, and tetranitronaphthalenes are known. The latter explode on 
being heated. 

REVIEW QUESTIONS 

1. Give reasons for concluding that the nitrogen atom of nitrobenzene is directly attached to 

carbon of the nucleus. 

2. Give equations for the reactions by which the following substances may be made from 

nitrobenzene: (a) Phenylhydroxylamine; (b) Nitn^sobenzene; (c) Azoxybenzene; (d) 
Hydrazobenzene; (e) Aniline. 

S. Write equations showing the formation of the following compounds from benzene; (a) 
m-Nitroaniline; (b) w-Phenylencdiamine; (c) 2, 6-l)initrophenol; (d) o-Nitroaniline; (e) 
o-Nitrotoluenc; (f) m-Brornonitrobenzene; (g) p-Chloronitrobenzene. 

4. How does the behavior of phenylnitromethane contrast with that of m-nilrotoluene? 

5. Write graphic formulas for the substances which would be formed by the action of nitric 

acid upon: (a) Bromobenzene; (b) Benzenesulfonic acid; (c) m-Dinitrobenzene; (d) 
o-Nitrophenol. 

6. Discuss the tautomerism of phenylnitromethane. 

7. Write graphic formulas for the artificial musks listed on page 446. 

8. Account for the importance of nitrobenzene and other aromatic nitro compounds. 

9. Name the primary reduction products of nitrobenzene; account for the formation of 

secondary reduction products from them. 

10. Discuss the means to be employed to obtain either ortko, meta, or para nitroaniline in good 

yield. 

11. By proper treatment of benzidine the NH 2 groups may be removed and biphenyl may be 

made. Benzidine may also be made by proper treatment of p>nitrochlorobenzene. 
Write equation for this synthesis. Show how these syntheses establish the accepted 
structural formula for benzidine. 
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12. State clearly the evidence obtained in a test-tube reaction (in which benzene is warmed 

with coned. II 2 SO 4 and coned. HNO 3 ) which shows that a nitro compound has formed. 

13. In making nitrobenzene from benzene how could one I ell that the reaction was complete? 

(Describe the test briefly.) 

14. (live physical and chemical data which allow one to distinguish a solid sulfonic acid from 

a solid nitro compound. 

15. Nitrobenzene has been user! in soaps, in perfumes, and in shoe dyes. Discuss the advisa- 

bility of such uses for the compound. 

16. Outline the methods which may be used to prepare aromatic nitro compounds. 

17. The compound (A) contains 61.3% C, 5.11% H, 23.35% O, and 10.22% N. Upon com- 

plete reduction (B) is produced; this is a liquid of b.p., 199 ± 1°C., containing 13.08% N. 
Oxidation of (A) with nitric acid yields a monocarboxylic acid (C) of m.p., 147®C. (C) 

contains 50.3% 0, 3.0% H, 38.33% O, and 8.38% N. What is the structure of (A)? 
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CHAPTER XXTP 


AROMATIC AMINES 

It has already been shown in Chapter XVI that the amines are deriva- 
tives of ammonia, NHj, in which organic radicals replace one or more of the 
three hydrogen atoms. In the aromatic aminos, aryl groups are exchanged 
for hydrogen atoms of the mother substance. Like the other substitution 
products of benzene, they fall into two groups. In one of these the nitrogen 
atom of ammonia is directly joined to the benzene nucleus, while in the other 
it finds attachment to carbon of a side-chain. The former class includes: 

(1) Primary Amines. These are conveniently divided into monamines, 
diamines, etc. Aniline (aminobenzene) is an example of an aromatic 
primary monamine: 

Aniline, aminobenzene, or phenylamine 

\/ 


Homologs of aniline include the toluidines (o, m, f) and the xylidines, etc. 



NH2 

1 p-Amino- 
ethylbenzene 

v 

C2H6 


Derivatives of benzene with from two to six amino groups are known. Of 
these compounds the phenylenediamines ( 0 , m, p) are the most useful: 

NHj 


m-Phenylenediamine, 

m-Benzenediamine 


Compounds like aniline, the toluidines, etc., shown above are true 
amines, yet as will be shown in later sections, they differ considerably in 
their reactions from the aliphatic amines. Some chemists for this reason 
prefer for them the name amino-compounds. 

(2) Secondary Amines. This group includes simple aromatic amines like 
diphenylamine: 


m 



ABOMATIC AMINES 


457 



Diphenylamine 


also mixed aliphatic-aromatic amines, of which the following substances are 
examples : 


/V-N— CHs 


\/ 


II 


N -Methylaniline, * 
Methylphenylamine 


/Vn— C2H5 




H 


N-Ethylaniline,* 

Ethylphenylamine 


(3) Tertiary Amines, "rriphenylainine typifies a simple aromatic 
tertiary amine: 

— N- 


/\ 




v 


Triphenylamine 


while dimethylaniline and diethylaniline are examples of mixed aliphatic- 
aromatic tertiary amines: 


CHa 


/\ 




-N 


\ 


CH, 


Dimethylaniline 


C2H5 




/ 

\ 




C2H6 


Diethylaniline 


Compounds of the latter type are more important for chemical work than 
the simple tertiary aromatic amines. 

The second class of amines mentioned in the opening paragraph includes 
such compounds as benzylamine: 


/^CHsNHj 

V 


Benzylamine 


which, as might be expected, are quite similar in reactions and in mode of 
formation to the aliphatic amines studied in Chapter XVI. The nuclear 
amino compounds are of vastly greater importance than are those of the 
type of benzylamine; chief interest attaches to primary monamino com- 
* See footnote, page 447. 
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pounds, of which aniline is a type substance. The importance of this com- 
pound in organic synthesis may be judged from the number of applications 
to be found in the ensuing pages. Its chief uses lie in the dye and drug 
fields. Primary diamines and mixed aliphatic-aromatic tertiary and 
secondary amines follow aniline in importance. 

Physical Properties of Amines 

Aniline and o- and m-toluidine are liquids, colorless when freshly pre- 
pared, but changing in time to dark brown or red, jirobably by reason of 
oxidation. All have a peculiar, though not disagreeable odor which, how- 
ever, does not resemble that of ammonia. j?-Toluidine and several of the 
xylidiries are solids at room temperature. Primary amines may be distilled 
without decomposition. They are rather insoluble in water, but are soluble 
in the common organic solvents. 


Tablk 36. — Physic al ( -onstants of Amino Ccjmpounds 


Name 

Formula 

M.p., "C. 

B.p., 

Sp. g., 
20° /4° 

Kb 

i 

Aniline 

CdlhSU. 

- 6.2 

184.4 

1.022 

5.4 X 10”i« 

Toluidine (o) 

( IlaCelLNIb 

— 16.3 

200 . 7 

0.998 

3.3 X 10--1' 

Toluidinc (f/i) 

—31.5 

203 . 3 

0.989 

6.5 X 10“^ 

Toluidine {p) 


44-5 

200.5 

0.97361! 

1,3 X 10 -» 

Xylidine (2,3) 


<-15 

223 . 8 

0.992 

Xylidine (2,4) 

213-4 j 

0.978 


Xylidine (2,5) 


15.5 

213 

0.980 


Xylidine (.2,6) 


216.9 

0.979 


Xylidine (3,4) 


49 

226 

1.076^7 ^ 


Xylidine (3,5) 


221-2 

0.972 


Phenylenediainine (o) 

c,\uimh)2 * 

103-4 

256-8 

3.3 X 10-1" 

Phenylenediamine (ni) 

62.8 

284-7 


Phenylenediainine {p) 


140 

267 


N-Methylaniliiie 

CoHeNHCHa 

CeHfiNHCaHfi 

C6H5N(CH3)2 

C6H6N(C2H6)2 

((:6H6)2NH 

(CelDaN 

C 10 H 7 NH 2 

—57.0 

195.7 

0.989 

2.1 X 10-'» 
1.05 X 10-” 

1 .3 X 10-" 
2.7 X 10-* 

N-Ethylaniline 

—63.5 

204.00 

0.963 

Dimethylaniline 

2.5 

193.0 

0 , 956 

Diethylaniline 

—34.4 

216.00 

0 . 934 

Diphenylamine 

53 

302 

1.159?!! 

Triphenylamine 

126.5 

365 

0.774S 


a-Naphthylamine 

50 

301 

I.I 7 I 2 I! 

9.9 X 10-11 

2 X 10-1“ 
2.4 X 10-» 

/3-Naphthylamine 

in -2 

306.1 

1.061»» 

Benzylamine 

CellfiCHaNTIz 

184.5 

0.982 




The diamines are colorless solids, which upon exposure to the air take on 
color. Like monamines they distil without undergoing decomposition. 
They are in general more water-soluble than the monamino compounds. 

Diphenylamine and triphenylamine are solids, the former having an 
agreeable odor. Both are insoluble in water but are soluble in alcohol, 
ether, etc. 
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Methyl- and ethylaniline, dimethylaniline, and diethylaniline are liquids 
which resemble aniline somewhat in odor. They are colorless when pre- 
pared, but darken with exposure to air and light. They distil without 
decomposition. 

Aniline and similar compounds are quite toxic. One should not allow 
these compounds to stay on the skin anil should avoid inhaling their vapors. 

Benzylamine is a liquid. It differs from the true aromatic amines in 
that it is freely soluble in water. Table 36 presents melting points, boiling 
points, and densities of representative amino compounds. 

Preparation of Amines 

( 1 ) Primary Amines, The formation of primary amines by the action 
of ammonia upon a halogen compound, although possible for the aliphatic 
amines, can only be employed as a preparation method in the aromatic 
series by the use of special means, as the halogen atom of an aryl halide is 
firmly attached to the carbon nucleus. Because of the high temperature 
and pressure which are necessary, the reaction could not be used until the 
})roblems in construction of high pressure equipment had been solved. 
The preparation of aniline is now successfully carried out by heating 
chlorobenzene with 4-6 moles of concentrated ammonia, in presence of 
cuprous oxide and cuprous chloride, at a temperature of about 200 ^^ and 
a pressure of about 60 atmospheres. 

Primary monamines and diamines are commonly prepared by the direct 
reduction of the corresponding aromatic nitro compounds. Thus aniline is 
formed when nitrobenzene is completely reduced. 

In the laboratory, the customary reagents for reduction of nitrobenzene 
to aniline are tin and hydrochloric acid. 

C 6 H 5 NO 2 + 3Sn + 7HC1 C 6 H 5 NH 2 HCI + 3 SnCl 2 + 

C 6 H 5 NO 2 + 3 SnCl 2 + 7HC1 -> C 6 H 5 NH 2 HCI + 3 SnCl 4 + 2 H 2 O 

Under these conditions the aniline is secured as a salt, combined with hydro- 
gen chloride and stannous or stannic chloride: 

[CeHoNHsCySnCU [C6Hr>NH3Cl]2SnCl4 

These double-salts are decomposed by the addition of an excess of sodium 
hydroxide, and the aniline is separated from the mixture by distillation 
with steam. The distillate of water and aniline is extracted with ether and 
the extract is dried, after which the ether is removed by a distillation. The 
resulting aniline is redistilled for final purification. 

Commercially, aniline is still prepared by the reduction of nitrobenzene 
with iron and dilute hydrochloric acid. About one-fortieth of the amount 
of hydrochloric acid called for by the formal equation is used. This is 
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possible because water acts upon iron in the presence of ferrous chloride, 
generating hydrogen.* 

Homologs of aniline result from the reduction of their corresponding 
nitro compounds. The following equation shows the formation of o-tolui- 
dine from o-nitrotoluenc by reduction : 



o-Toluidine 


rn-Toluidine is made from p-toluidine. This is first acetylated, then 
nitrated. The acetyl group is removed by hydrolysis, then the para amino 
group is removed through the diazo reaction (page 482), after which the meta 
nitro group is reduced. 

CH3 CH3 CH3 CH3 CH3 CH3 



Hofmann-Martius Reaction. Another method makes use of the tend- 
ency of alkyl derivatives of aniline to “rearrange” when treated in special 
ways. When methylaniline is treated with hydrochloric acid in a closed 
container at 300°, the methyl group leaves the nitrogen atom and migrates 
to the para carbon atom of the nucleus. The hydrogen which is displaced 
from the nucleus goes to the nitrogen : 


CHs 



p-Toluidine 

hydrochloride 


By means of this curious reaction para amino derivatives of the benzene 
homologs may be made. In some cases ortho compounds also result, but 
meta derivatives cannot be made by this method. Rearrangements of this 
type are taken up more fully later. 

The reduction of the dinitrobenzenes yields the corresponding diamines. 
(See equation on page 449.) 

* Other methods used to introduce amino group to a ring, which cannot be discussed here 
are: (1) reduction of nitro group with various metals with acids, (2) catalytic reduction with 
nickel and hydrogen, (3) reduction with metals and salts, (4) replacement of hydroxyl by 
amino group, (5) replacement of CONH 2 by NHj through the Hofmann reaction, (6) direct 
replacement of NO 2 by NH 2 (see page 450), 
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(2) Secondary and tertiary amines are produced as follows. Diphenyl- 
amine is made by interaction of aniline and an aniline salt: 



Dipbenylamine 


This compound may be made from aniline and phenol, in the presence of a 
reagent which absorbs water: 



In presence of finely divided copper an aryl halide will react with an 
aromatic amine (Ullmann reaction): 

• C’u 

CellsBr + C 6 IT 5 NH 2 > HBr + (C 6 HO 2 NH 

mf 

Diphenylamine is used as a stabilizer for explosives (page 382) also in dye 
making. When dissolved in sulfuric acid it gives a deep blue color with 
oxidizing agents. Methods for the estimation of nitrous acid and of ferrous 
iron are based on this behavior. 

Triphenylamine is formed when phenyl iodide and diphenylamine 
react in the presence of copper powder, used as a catalyst: 

Cu 

(C6H5)2NH + CbHbI (C6H5)3N, Etc. 

A 

Triphenylamine 

Or: 

(C6H5)2NNa + C6H5Br->NaBr + (C6H5)3N 

(3) Several methods may be used in preparing the mixed aliphatic- 
aromatic secondary and tertiary amines. 

(a) The reaction of aniline with an alkyl halide gives a salt of a secondary 
mixed amine, from which the amine is recovered after treatment with a base : 
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(b) The reaction of aniline with an alcohol in the presence of hydro- 
chloric acid (or treatment of aniline hydrochloride with the alcohol) also 
produces a secondary amine; 


H , HCl, heat, 

/^N[ hTHO |€H 3 > HzO + 




pressure, catalyst 



It is likely that the alkyl halide, RCl, is formed first, and that this reacts 
with the aniline in a second stc^p. 

The dialkyl derivatives are prepared when additional alkyl halide or 
alcohol is employed in carrying out the reactions showni above. In this 
case the reaction proceeds in two steps, and the tertiary amine is produced 
by reaction of secondary amine first formed with the excess reagent, e.g.. 


/V-N— CH, 


-h CH3I 


H 

-N(CH3)i, 

I 


NaOn 




-N(<::ii 3 ) 3 . Etc. 


Dimethylaniline 


If a pure secondary phenylamine, unmixed with tertiary amine, is desir(»d, 
it is possible to treat the sodium or potassium derivative of acetanilide with 
an alkyl halide: 

K R 

CellbN— C— CTTs + RI KI + Cellrr N-C— CTI,, 

following this reaction with hydrolysis: 

R 

CellhN— C-- CH3 + NaOH CHaCOgNa + CJIb— NH 

Another method involves the reduction of a Schiff base (page 468 ), 

( 4 ) Aryl derivatives of aliphatic amines are formed by methods which 
yield the aliphatic amines. Thus the action of ammonia or hexamethyl- 
enetetramine upon benzyl chloride produces benzylamine: 

NaOII 

CoHsCHsCl + HNH2 C6II5CH2NII2 HCI > C6HBCH2NH2, Etc. 

Benzylamine 


Chemical Reactions of Amines 

(The student should review the chemistry of the aliphatic amines before 
taking up this section.) 

Many of the reactions of aromatic amines resemble those common to the 
aliphatic type. These will be mentioned first in this section, to be followed 
by examples of reactions in which the two classes are unlike in behavior. 
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(1) Salt formation. Aromatic primary moiiarnines readily form salts 
with acids. Those salts made from strong acids are stable substances. 
The nitrates and hydrochlorides are generally quite soluble in water, the 
sulfates somewhat less soluble. 


H 

C/ci 

Aniline hydrochloride 


H 



Aniline nitrate 




~N— O— S— OH 
H O* 




Aniline hydrogen sulfate 


Like ammonia and primary aliphatic amines, aniline forms a double-salt 
with platinic chloride: 

[CellsNHsCljoPiCU 

The double-salts of aniline and the chlorides of tin are shown on page 459. 
Other such double-salts are known, but are less important than the above. 

Salts of aniline are not neutral. Their water solutions are acid to litmus; 
likewise a solution of aniline in water is far less basic than ammonium hydrox- 
ide. Red litmus is not affected by such a solution, although it is sufficiently 
basic to precipitate ferric or aluminum hydroxides Irom their solutions. 

The strength of the corresponding base is not greatly altered by sub- 
stitution of alkyl groups either on the nitrogen or on the ring. Nitro 
groups on the ring l(\ss(‘n the basicity. An accumulation of aryl groups 
about the nitrogen of ammonia weakens its salt-forming powers. Thus 
diphenylaminc forms salts only with the stronger acids, and these salts are 
completely hydrolyzed by water. Triphenylamine does not form salts with 
acids. As would be expected the diamines resemble monamines in their 
salt-forming powers. They are diacid bases (dibases). 

Digression. Importance of Negative Groups. This is a convenient 
point to summarize information about negative groups which has been 
given in previous chapters. By definition a negative group is one which, 
when introduced into a compound, reduces its basicity. Such a group when 
substituted into ammonia forms a compound which with water gives a base 
weaker than ammonium hydroxide. A negative group substituted for 
hydrogen of water yields a compound more acidic than water. 

The typical negative groups are unsaturated at the point of attachment 
of the group, and usually contain one or more negative atoms. 

Examples of strongly negative groups: 

— NOa — SOaH HC=0 — CeH6i=0 

Examples of groups with smaller negativity: 

—COM —Cl — CeHs 
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The following effects of these negative groups have been studied: (1) 
A negative group when substituted in the chain of an aliphatic acid increases 
the strength of the acid. This was laid to the power of the group to cause 
an electron drift towards itself and away from the carboxyl group (page 171). 

(2) The hydrogen of — dig and — CH 2 group next to an unsaturated nega- 
tive group is mobile. This is the cause of tautomerism of the keto-enol 
type, of which many instances have been shown; (3) examples of reduction 
of basicity by negative group have just been given in connection with 
di- and triphenylamine. The aliphatic and aromatic amides may be used 
as examples of compounds in which ammonia coupled with negative groups 
has lost its basic proi>erties. 

Chlorine atom properly belongs with negative groups because (a) 
IIOCl is an acid ; (b) although Cl is not a m^^a-directing atom on the benzene 
ring, it resembles the m-directing groups in its ability to hinder further sub- 
stitution. Also the group — CCI3 is a mefa -directing group. Such a group 
resembles — NO 2 or — SOgll in that there are many lone pairs of electrons. 

(2) Reactions with alkyl halides. Aniline and its homologs react with 
alkyl halides. In this way salts of secondary and tertiary amines are formed 
(see page 462). The final product of such a reaction is a quaternary 
ammonium salt. Similar reactions of aliphatic amines are discussed on 
page 304. Secondary aryl amines react similarly with the alkyl halides, 
but tertiary aryl amines do not. 

(3) Reaction vnth active metals. Hydrogen of the amino group of 
aniline may be replaced with an active metal, as with ammonia. The same 
reaction is shown by methylaniline and takes place readily with diphenyl- 
amine. Several syntheses with these salts have been shown. 

(4) Reactions with acyl halides. Those aromatic amines in which 
hydrogen atom remains attached to nitrogen (primary and secondary types) 
are acted upon by acyl halides. Substituted amides called anilides (tolu- 
idides, etc.) are formed by this reaction : 


V 


H 

•N + id 
H 


O 

II 

— C — CH3 ■ 


Hd + 



S-Lh. 

Acetanilide 


[CsHsNHj + Hd CeHsNHsd] 

CHs O 

/\-N— CH. O N C— CH. 


| Hi + I'd! — C— CHs Hd + 




Methyl- 

acetanilide 


Anilides are also formed by the reaction of these amines with organic acids 
or their anhydrides. 
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The anilides in general are well crystallized substances with definite 
melting points. They are serviceable in the identification of specific 
amines. They are equally useful for the identification of organic acids. 
Also acetylation is frequently resorted to in preparing derivatives of aniline 
or its homologs, because the anilides are less reactive than the amines; 
moreover their reactions are more easily regulated. 

For example, p-bromoaniline cannot well be made by direct bromination 
of aniline; this gives tribromoanilinc (page 471). However, bromination 
of acetanilide yields p-bromoacetanilide, which may then be hydrolyzed to 
acetic acid and p-bromoariiline : 


O 

H i; 

N-( - ( Ha NH2 



II2O 


CHaC OOH + 


Br 


An amino group treated in this way to decrease its activity during the 
course of a reaction is said to be “protected” or “blocked.” 

Acetanilide (antifebrin), which results from the action of acetic acid 
(acetic anhydride, acetyl chloride) and aniline, is used as a remedy for head- 
ache, neuralgia, mild fever. Methylacetanilide is also anti-neuralgic, but is 
more toxic than acetanilide. 

(5) Reaction with chloroform and alcoholic potash. The carbylamine 
reaction which is discussed on page 311 is common to the aromatic primary 
amines. Aniline by this treatment yields phenyl isocyanide: 


/NnH; + HCCI 3 + 3KOH 


3KC1 + SUjO + 






Phenyl 
isocyanidc 


The reaction forms a test for aniline because of the powerful and unmistak- 
able odor of the isocyanide. 

(6) Reactions with nitrous acid. With the aromatic amines nitrous 
acid performs two offices. It enables us to distinguish the three types of 
amines one from another, in a manner analogous to that learned in the 
aliphatic series. Moreover, this reagent forms very important derivatives 
with the primary and mixed tertiary amines, the diazo and nitroso com- 
pounds respectively. These will be separately discussed in later paragraphs. 

(a) Salts of primary amines like aniline, treated in the cold with, nitrous 
acid, do not evolve nitrogen. Under such conditions a diazonium compound 
is formed. 
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Cl 



--N--iHsi -f N 

1 i 1 

\/ 

: 1 .- ! 

iH: 

|(xjii 


Cl 


m^o + 



Benzenediazonium 
chloride, Phenyldia- 
zoriium chloride 


The e(|iiati()Ji above shows diagrammatically what takes place, i.e., 
nitrogen of nitrous acid replaces the three hydrogen atoms of the amine 
salt. When heat is applied the diazonium salt is converted to a phenol: 


A 

CrJInNsC 1 + n.() HCl + N 2 + CJIbOII Phenol 


Thus a hydroxy-compound is formed from an amine by nitrous acid in the 
hot, exactly as with aliphatic amines: 

cu,mu( \ + liN ()2 -^No + HCl + H 2 O + CTIgOH 


Aryl- and alkylamines differ in this respect, that the former allow the isola- 
tion^ of the intermediate diazonium compound (a valuable syuthetic agent), 
while the latter liberate nitrogen at once and pass to alcohols. 

(b) Secondary aromatic amines form nitroso compounds with nitrous 
acid : 






-N— CH, 


Hi + iHOlNO H 2 O + 




-0113 

^NO 


Methyl i)henyl nitrosamine 


This behavior is similar to that of aliphatic secondary amines. 

(c) W'ith the mixed tertiary arylamines the reaction with nitrous acid 
follows a new course. The NO group is linked not to nitrogen but to the 
para carbon of the ring. Thus nitrous acid with dimethylanilirie yields 
p-nitrosodimethylaniline: 


N(CH3)2 ’ N(CH3)2 

+ HONO -> H 2 O + 

v 

N 

O 



p-Niirosodiinetliylaniline* 


This unusual reaction makes it easy to distinguish tertiary aromatic amines 
both from other arylamines and from the tertiary aliphatic amines. 

The hydrolysis of nitrosodimethylaniline and similar compounds is of 
interest, since it is a means of preparing pure secondary aliphatic amines. 

* In actual practice a salt is obtained, from which the free base shown is released by the 
action of alkali. 
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Example: 


N(CH3)2 ok 

KOH 


NO 


NO 


CHa 

/ 

+ HN 

\ 

CH, 

Dimethylaminc 


The nitroso group, like the nitro group, activates other groups para 
and ortho to it. 

Nitrosodimetliylaniline is a valuable intermediate for general synthetic 
uses. It is especially useful for dye preparation. 

(7) Reaction with aldehydes. Aniline reacts in a complex manner with 
formaldehyde and other aliphatic aldehydes. Aromatic aldehydes con- 
dense to give compounds known as Schiff bases or anils. 

II H 

CeHsC^C) + CeHsNHs 1120 + C 6 H 5 N=-C~C 6 H 5 Benzylideneaniline, 

Berizalaniline 


H 

The reduction of the Schiff base gives a secondary amine, CbHdN" (^Il 2 C 6 H 6 . 
Schiff bases are useful synthetic compounds. Their formation is a means 
of blocking the amino group during a reaction (e.g., nitration). The Schiff 
bases are easily hydrolyzed by acids. 


Reactions of Aniline 


Several important reactions of aniline are as follows. 

(1) Reaction with carbon disulfide. Aniline and other primary amines 
react with carbon disulfide to give derivatives of thiourea, with liberation of 
hydrogen sulfide. With aniline we get diphenylthiourea or thiocarbanilide; 


/Nnh. 




/ — \ H 

<3-n 


+ CS* -> HjS + 


\ 


/ )>-N 

^ / H 


/ 


C==S 


Thiocarbanilide 


The substance has importance as an accelerator in the vulcanization of 
rubber (in order to aid the reaction between rubber and sulfur in the 
vulcanization). 

When heated with concentrated hydrochloric acid, thiocarbanilide forms 
phenyl isothiocyanate (phenyl mu.stard oil). 

CeHsNH 

\ 

C==S + HCl CgHsNH^HCI + C6H6N=C=6 

CJIsNH^ 
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The isothiocyanates are called mustard oils after the allyl compound, 
CH 2 =CHCH 2 N— C— S, which is found in mustard seed (page 293). 
Phenyl mustard oil is used in synthetic work. 

With phosgene, aniline gives phenyl isocyanate, CeUsN^C^^K). This 
reagent is used to identify alcohols and primary and secondary amines 
through the formation of substituted ureas and urethans. (See page 290.) 
Naphthyl isocyanate is used in a similar way. 

(2) Reaction with sulfuric add. Aniline hydrogen sulfate is the first 
product formed in this reaction; on further heating this salt loses water and 
then undergoes rearrangement to p-sulfanilic acid: 


\/ 


+ H2SO4 



OSO3H 



^NII. 


IIOjS! 




Aniline hydrogen sulfate 


or 


NH3+ 

/\ 


so,- 


Sulfanilic 

acid 

(1845, 

Gerhardt) 


Further sulfonation gives rise to aniline disulfonie acid: 


HO3S 


f^NH, 

^SO,H 


2,4-Aniline 
disulfonie acid 


Sulfanilic acid is a solid, only slightly soluble in water or organic solvents. 
It has no definite melting point, but decomposes at about 280®; in other 
words, it has certain resemblances to an inorganic compound. In sulfanilic 
acid the acid character of the sulfonic group overshadows the basic nature 
of NH 2 to such an extent that the compound does not form salts with acids. 
The compound exists as an “internal salt” or zwitterion (see page 245). 

NH3+ 


so,- 


Salts of sulfanilic acid (in which the sulfonic group is neutralized) act as 
bases; they behave like primary amines toward nitrous acid. Sulfanilic 
acid is important in the making of certain dyes. 
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Sulfa Drugs. The amide of ^>-sulfanilic acid (sulfanilamide) is one of the 
new “sulfa” compounds whose use in medicine has effected a revolution in 
treatment of systemic bacterial infections. They are the only chemicals 
available which are effective in doses so small as to be harmless to the 
patient. 

Sulfanilamide has been in use since 1933; it is used for streptococcal, 
meningococcal, and gonoccocal infections. Sulfa drugs of later discovery 
are noted on page 647. Research in this field is very intense and the work 
promises further discoveries of equal importance to those already made. 
The synthesis of sulfanilamide is given herewith in outline form. 


NHCOCH3 NHCOCH3 NllCOCIIa NUa 



2C1S03II 

0 

XH3 


T 1,0 






\/ 


V 


A(X‘tanilide SO2CI SO2NII2 S()2NH2 

Sulfanilamide 


p-Arsanilic acid, H2NC6H4As(0)(0H)2, is made in the same way as 
sulfanilic acid, i.e., from aniline and arsenic acid. Its monosodium salt 
(Atoxyl) has been used in the treatment of sleeping sickness (p. 602), 

(3) Reaction with nitric add. When aniline is directly nitrated, oxida- 
tion takes precedence over nitration. However, when the amino group is 
“protected” by acetylation, nitration takes place in the p- and 0 - positions: 


O 

H il 

N— C— CHs 



+ 2HNO3 


2H2() + 


O 


H II 

N— C— CHs 

/\ 




NO 


2 


also 


O 

H II 

N- C— CHa 

I^NOa 

\/ 


Hydrolysis of the resulting nitroacetanilides yields the p- and o-nitro- 
anilines : 


O 

H II 

N— C— CHa 

/\ 


NO 2 


HjO 

> CHaC— ONa + 

NaOH 


NHa 

/\ 



In this method the para compound predominates. By using acetic anhy- 
dride as a solvent, the yield of ortho compound is greatly increased (see 
page 444). m-Nitroaniline is made by the partial reduction of m-dinitro- 
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benzene (see page 449), or by nitrating aniline dissolved in concentrated 
sulfuric acid. 

The NH 2 group in p- or o-nitroaniline may be removed by treatment with 
alkali, its attachment to carbon being loosened by the presence of NO 2 
group : 

NH 2 OK 

p-Nitrophenol (salt) 

MO2 NO2 

(4) Action of halogens. Halogens act readily upon aniline even in water 
solution to form tri-substitution products. Bromine-water with aniline 
gi ves tribromoaniline : 


NII 2 NH 2 



2,4,6-Tribromoanilme 

Tlie resulting tribromoaniline is insoluble in water and has a sharp melting 
])oint. It can therefore be used to identify the presence of aniline. 

As already stated p-bromoaniline may be formed by the bromination of 
acetanilide, and hydrolysis of the resulting p-bromoacetanilide. 

(5) Oxidation of aniline. When aniline is lightly oxidized with a mix- 
ture of sulfuric acid and potassium dichrornate, a blue-black mixture called 
‘‘aniline black” results. This is sometimes used as a stain (on desk-tops, 
etc.), also as a dye for cotton. Further oxidation yields the substance 
quinone (see page 560) . When aniline is oxidized with a solution of bleach- 
ing-powder or sodium hypochlorite, a violet-colored solution is secured. 
This reaction (the “bleaching-powder test”) may be used to test for small 
amounts of aniline. 

Reactions Which Identify Amines 

The following forms a summary and extension of the material already 
presented bearing on this subject. 

(1) Primary amines. 

(a) React with acyl halides to form anilides. 

(b) Form derivatives with Hinsberg reagent, which are soluble in 
sodium hydroxide solution, (The Hinsberg reaction is ex- 
plained on page 441.) 

(c) Undergo the carbylamine reaction. 
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(d) Form derivatives of thiourea when treated with carbon disulfide. 

(e) Nitrous acid in the cold gives diazonium compounds. 

(f) In a hot solution nitrous acid yields free nitrogen and a phenol. 

(2) Secondary amines. 

(a) Form substituted anilides with acyl halides. 

(b) The Hinsberg reagent gives a product insoluble in sodium 
hydroxide solution. 

(c) Nitrous acid yields nitrosamines. 

(3) Tertiary amines. 

(a) Do not react with acyl halides, or with Hinsberg reagent. 

(b) Aliphatic-aromatic type with nitrous acid give p-nitroso com- 
pounds. 

(c) With alkyl halides the mixed tertiary amines form quaternary 
ammonium salts. 

Micliler’s Ketone. It has been noted that the yara hydrogen atom of 
primary amines and of mixed secondary amines is quite active and easily 
replaced by substituting grouf)s. The same is true of mixed tertiary 
amines of the type of dimethylaniline. (Note the reaction of this com- 
pound with nitrous acid, page 467.) I tse is made of this fact in the prepara- 
tion of derivatives of commercial importance. But one example will be 
given here, further examples being presented in the chapter devoted to 
dyes. 

Formation of Michler^s Ketone^ T etramethyldiaminodiphenyl Ketone. 
When dimethylaniline reacts with phosgene, the para hydrogen of two 
molecules of the former is removed as hydrogen chloride. In this way 
Michler’s ketone is produced. The compound is used in making certain 
dyes. 



Michler’s 

ketone 


• Rearrangements of Substituted Amines 

Certain of the substituted anilines, when treated with strong acid under 
various experimental conditions, undergo a molecular rearrangement, one 
of the groups on the nitrogen atom changing place with the pwra hydrogen 
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of the ring. This reaction has already been noted in the change of methyl- 
aniline to p-toluidinc and of aniline hydrogen sulfate to sulfanilic acid. 

The new compounds formed by this rearrangement are usually more 
basic than before the shift, which explains the use of acid to promote the 
reaction. This same type of rearrangement may occur with the phenols 
and will be noted in the preparation of salicylic acid (page 500). The 
reaction is frequently quite useful in synthetic work. Some examples are 
given in the following equations, which show the substances before and 
after rearrangement. 


Cells 

/\-N— N=0 


Heat 


CoHs 

/\- NH 




Diphenylnitrosamine 


acid 


H 

r-N— OH 






0=N— 1 

/\ 

/3-Plienylhydroxylamine HO — 


NUa 


p-Nitroso- 

diphenylamine 


p-Ami nophenol 


H 

-N-- NO 2 




,^V-N— H 




A 

\/ 


Phenylnitramine OjN — I, 

CHa 

/V-NHs 

Methylaniline H 3 C — 


p-Nitroaniline 
(also o-compound) 


p-Toluidine 


HNCeHs 
N— H 

A 


Hydrazobenzene 

C6H5 


Semidine 
(also ortho) 



H 

■N— NH 2 

Phenylhydrazine H 2 N- 


NH 2 

/\ 




A 

\y 

NH 2 


Benzidine 


/V-NH* 


p-Phenylenediamine 


The examples above show para rearrangements and indicate cases in 
which the ortho compound is also formed. In certain instances the ortho 
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derivatives may be produced by this reaction when the para position in the 
ring is blocked. The^ following example shows the method used in the 
commercial production of i2,4-xylidine: 


HsC— N— H 

/\ A 


HCl 

CHa 

N-Mptliyl-p-toluidine 


NHaCl 

r^iCHa 


CHa 

2,4-Xylidme 


The rearrangement reaction discussed in this section does not yield meta 
derivatives. 

Explosives. Tetryl (2,4,6-trinitrophenylmethylnitraminc) is used in 
boosters. It is a more powerful explosive than T.N.T., also more sensitive 
to shock. The butyl analog (butyl tetryl) has uses similar to those of 
tetryl. Ilexanitrodiphenylamine, hcxanitrocarbanilide, hexanitroazoben- 
zcnc, and 2,3,4,6-tetranitroaniline (T.N.A.), also have explosive properties. 


O2N jj NO2 


II3C— N— NO2 

OaNf^NOa 02 N<^ ^ N— ^NOa 

OTN NOT 

Hexanitrodipheuylamine 


NO2 

Telnd 


O2N 


H 


0 


H 


N02 


02N 


NO, 


02N<(^ )>N— t: X<^ ^NOa OaN^ ^N=N<^ ^NO, 

CW NOT 

Hcxaiiilrocarbanilide 


O2N NO2 

Hexanitroazobenzene 


For detailed descriptions of these compounds and their preparation, see 
llefereiice 8, page 478, 


Benzenediamines 

The orifcodiamines are of interest because of the many reactions by 
which they give ring closures. One of these, with phenanthrenequinone, is 
given on page 598. Jkf^^adiamines easily form dyes on diazotization, and 
also couple with other compounds to form dyes (page 679). Paradiamines 
are also useful in dye formation. 

Amino Derivatives of Naphthalene 

Of the numerous amino compounds having complex nuclei, the naph- 
thylamines are the most important, a-Naphthylamine is formed by the 
reduction of a-nitronaphthalene. It is a colorless solid, which upon expo- 
sure to air takes on a brownish color. The odor of the compound is dis- 
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agreeable. jS-Naplithylamine may be formed by the action of ammonia 
upon iS-naphthoI : 


\A/ 


NHjZnCls 

+■ 

or NII4 S08U 


^I^NH 

\/\J 


2 


.(See also page 516.) Both of these compounds are em])loyed in making 
dyes. The beta compound is odorless. 

REVIEW QUESTIONS 

1. Outline methods for the preparation of the following compounds from benzene: (a) 

TH-Phenylenediamine; (b) Diphenylamine; (c) Triphenylamine; (d) Ethylanilinc; 
(e) Diethylaniline. 

2. TJluatrate by means of equations the reactions between aniline and: (a) PUhyl iodide; 

(b) Propionyl chloride; (e) Acetic anhydride. 

3. How may the following substances be made from aniline: (a) 2,4.6-Trichloroaniline ? (b) 

p-Chloroaniline ? 

4. Show by equations the reactions of nitrous acid with aniline, methylaniline, and dimethyl- 

aniline. 

5. How may diethylarnine be made through the use of aniline? 

6. Outline the reactions by which phenyl isocyanide and phenyl isotliiocyanate are made from 

aniline. 

7. Show by equations the methods used to form 7 >-nitroaniline and o-nitrophenol from aniline. 

8. Give two methods of preparation of p-aminophenol. 

9. Discuss the use of the Hinsberg reagent in distinguishing primary, secondary, and tertiary 

amines from each other. 

10. Outline methods for the preparation of o-toluidine and p-toluidine from benzene. 

11. How could the following compounds be distinguished from each other: (a) C 6 H 4 CH 3 (NH 2 ) 

and C^HfiNHCHa? (b) CcHftNH^HCl and CflH 4 Cl(NH 2 ) ? 

12. By the use of parallel equations show the points of chemical similarity and two points of 

difference between anUine and ethylamine. 

IS. How could a mixture of aniline and nitrobenzene be separated? 

14. If 10 g. of aniline were made into the diazonium chloride, and this were then hydrolyzed, 

how much nitrogen gas would be produced? 

15. Show synthesis of aniline from the elements. 

16. Show and explain the formation of benzidine from nitrobenzene. 

17. Either acetyl chloride or acetic anhydride may be used to form acetanilide. Which gives 

the larger yield from a given weight of aniline? 

18. Show how to prepare o-, m-, and p-phenylenediamines from benzene. 

19. Th^re are three diaminobenzoic acids which upon heating with soda lime give the same 

phenylenediamine. What is the structure of the latter and of the three acids? 

20. Compare the reaction of ammonium hydroxide with chlorobenzene and with 2,4-dinitro- 

chlorobenzene. 

21. Give an example of the formation of an amino compound from a nitro compound by direct 

replacement of nitro group by amino group. 

22. Cite methods for protecting the amino group of aniline during reactions. 

28. When aniline is treated with phosgene it may form diphenylurea or phenyl isocyanate. 

What conditions would you use to get a good yield of the former compound? 

24. Outline the synthesis of p- and o^nitroanilines from chlorobenzene* 
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25. Why is 5<?fo-naphthylamine made from beta-naphihol instead of from the betornitro com- 

pound? 

26. Cite several reactions which prove aniline to be more reactive than benzene. 

27. If ammonia is heated with chlorobenzene to a high temperature to make aniline, what 

secondary organic product may appear? 

28. Show the electronic structure of aniline hydrochloride (omit electrons of the ring). 

(R)29. Indicate how the following mixtures may be separated and the individual com- 
pounds made pure: 


C 6 HiiNIl 2 and ( ellfiCOOII; 

( JlftNIIa and ( ellfiOII; 
CfiH,NIl 2 and ( oHtNHCHa; 
CellbNlIC IIa and f 6ll5N (€ 113 ) 2 ; 
C JI5NH2 and CflHfiNIK OCII3; 
(^aifiNHo and 


80. What compound would r(*snlt upon heating each of the following compounds with hydro- 

chloric acid? (a) CaUN(X())C 2 ll 6 ; (b) (c) (’ellsNHNlK'eHs. 

81. Make a chart showing medical uses of suitable compounds mentioned in this chapter. 

82. Cite three in.stanccs in which the chemistry of benzylamine differs from that of aniline. 
88. Write sequences of equations showing how to make: (a) Benzylamine from benzene; (b) 

a-Naphlhylamine from naphthalene; (c) w-Nitroaniline from nitrobenzene; (d) j?-Tolui- 
dine from toluene; (e) /^-(-hloroacetanilide from benzene; 


(D 

I I 

CHa CH, 


from 7w-nitrotoluenc. 


34. Write graphic formulas of the compounds which would be formed by the reaction of: (a) 

Ethyl iodide and N-methylaniline; (b) Methyl bromide and p-ethylaniline; (c) Methyl 
iodide and N-ethylaniline. 

35. Give equations for the preparation of .sulfanilie acid. Give a .short dlscu.ssion of “.sulfa” 

drugs. 

36. Three compounds, (A), (B), and (C), have the same molecular formula. Analysis of (A) 

gave the following results: combustion of a 0.20 g. sample gave 0.582 g. of CO 2 , and 
0.1636 g. of II 2 O. Another sample weighing 0.20 g. gave 21.38 cc. of nitrogen, measured 
over water at 25®C. The barometer read 742 mm. (vapor pressure of water at 25°C. = 
23.8 mm.). (A) reacted with benzenesulfonyl chloride to give an alkali-soluble 

derivative; treatment of (A) with nitrous acid gave free nitrogen gas. The m.p. of (A) 
was Compound (B) when treated with benzene.sulfonyl chloride gave a com- 

pound which was insoluble in alkali. Compound (C) did not react with benzenesulfonyl 
chloride. With nitrous acid it gave a derivative of m.p., 85°C. which contained 18.67 % 
of nitrogen. When the derivative was boiled with sodium hydroxide solution, a gas 
(b.p., 7.4°C.) was liberated. A moist red litmus paper held in the gas was colored blue. 
The gaseous compound contained 31.11% of N. Prove the structures of (A), (B), and 
(C), writing equations for all reactions discussed. 

87. Four aromatic nitrogen compounds have the same molecular formula based on the follow- 
ing percentages: C, 78.49%; H, 8.40%; N, 13.10%. Each gives a compound with 
hydrochloric acid containing 24.74% Cl. Compound #1 reacts with nitrous acid in the 
cold giving nitrogen gas and a new nitrogen-free compound. Compounds #2, #3, and 
#4 undergo a similar reaction when heated with nitrous acid. Suggest graphic formulas 
for the four compounds, and outline further experiments which will be needed to deter- 
mine the structures. 
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38. An organic compound of molecular weight 108 contained 66.64 % C, 7.41 % H, and 25.93 % 
N. When treated with hot solutions of sodium nitrite and hydrochloric acid it lost 
nitrogen gas and produced hydroquinonc. Explain this reaction and deduce the struc- 
ture of the original compound. 
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CHAPTER XXV 


DIAZO COMPOUNDS AND DERIVATIVES 

Sufficient evidence was presented in the last chapter to Indicate the 
strategic position of aniline and the other primary amines in aromatic 
synthesis. However a number of the derivatives shown were substitution 
products in which the amino group remained intact, and these substances 
therefore maintained to some extent at least, the character of primary 
amines. We are now to consider derivatives of aniline and aniline homo- 
logs in which the amino group is replaced, or radically altered, through 
the intermediate formation of a diazo or a diazonium compound. 

Diazotization. The reaction called diazotization Lakes place when a salt 
of a primary aromatic amine is treated with nitrous acid. Ordinarily, the 
salt is dissolved or suspended in water, and enough acid is added to form 
nitrous acid from sodium nitrite, a solution of which is poured into the 
acidified amine; the ratio of acid to amine is about 2.5 equivalents to one. 

o^C. 

C6H5NH2IIC1 + IINO 2 ^ 2 H 2 O + C 6 H 5 N 2 CI 

Aniline hydrochloride Benzenediazo- 

nium chloride, 
Phenyldiazonium 
chloride 

An amino compound so treated is said to be diazotized. As long as the 
solution is kept cold, no nitrogen is liberated (see page 311). 

It is impossible to isolate the diazonium salt by the evaporation of such 
a solution, since hot water causes its decomposition in the sense of the 
following equation: 

CeKsNsCl + H 2 O HCl + N 2 + CellsOH Phenol 

However, if the amine dissolved in absolute alcohol is treated with sufficient 
acid and either amyl or ethyl nitrite,* the diazonium salt precipitates from 
the solution. Full precipitation is secured by the addition of ether. 

Diazonium salts have been isolated in this manner. The dry salts are 
quite unstable and are apt to be explosive, f However, their water solu- 
tions serve all the needs of synthetic work. 

In laboratory work the salts are seldom isolated in a pure state, and then 
only in minute amounts, on account of their dangerous character. In dye 

* The acid and ester react to produce nitrous acid. 

t These salts have been proposed for use as explosives and several have been used as 
detonating agents. 
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making it is desirable to have stable diazonium salts on hand to avoid 
the necessity of making them on the spot. Diazonium salts <leveloped to 
meet this need will be described later. In laboratory work a diazonium 
salt solution is commonly used at once. Upon standing, especially when 
exposed to light, the dissolved salts decompose. Negative groups on the 
ring decrease the stability to light; however in all cases exposure to strong 
light should be avoided. 

Structure of Diazonium Salts 

The diazonium salts and their solutions show many analogies in their 
reactions and properties to those of the quaternary ammonium salts. Thus: 

( 1 ) Solutions of diazonium salts of strong, acids are neutral; electrical 
measurements show that the salts are highly ionized in dilute solutions. 

( 2 ) When a solution of benzenediazonium chloride is treated with silver 
hydroxide, a precipitate of silver chloride results, the solution at the same 
time becoming strongly basic. Its properties suggest those of such strong 
ammonium bases as tetramethylammonium hydroxide (page 309). 

C 6 H 6 N 2 CI 4- AgOH — » AgCl + C 6 II 5 N 2 OII Benzenediazonium hydroxide 

Various diazonium salts such as the nitrate, sulfate, or chloride may be 
obtained from the solution of benzenediazonium hydroxide by appropriate 
treatment with acids. The hydroxide itself has never been isolated. 

As all ammonium bases contain “pentavalent” nitrogen, the structure 
of benzenediazonium hydroxide is made to conform to the general rule; the 
name-ending ‘^onium” suggests this structure. The structure of beiizene- 
diazonium chloride is then as follows: 



Blomstrand formula 


Other diazonium salts are presumed to have similar structures. In these 
formulas one of the nitrogen atoms is pen ta valent’’ as in ammonium salts; 
the other is trivalent. The name diazonium (Azote, French = nitrogen) 
indicates that two nitrogens are attached to one benzene ring, in other 
words the N:N(OH) group is monovalent. This is borne out by the fact 

that this group may be replaced by monovalent units like OH, Br, I, OEt, 
etc., as we shall find, but not in any case by a divalent group, 

Diazo Salts 

A solution of benzenediazonium hydroxide on treatment with an alkali 
base becomes less and less basic, finally showing the properties of a weak 
acid, forming a salt (diazotate) with the alkali base. This change of prop- 
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erty is believed to result from a shift or rearrangement of the molecule by 
means of which the “penta valent” nitrogen becomes tri valent: 



Benzenediazonium 

hydroxide, 

Strong base 


/V-N=N— OH 
(ID 

V 


Benzenediazo- 
hydroxide. 
Weak acid 


Various derivatives formed from alkaline solutions of diazonium salts are 
found to have their nitrogen atoms joined each to each as in the above sug- 
gested formula for benzenediazohydroxide. Examples of these compounds 
are aminoazobenzene and hydroxyazobenzene (page 485). Other examples 
of such compounds will appear in later discussion. Thus, aside from the 
fact that the structure presented for benzenediazonium hydroxide does not 
represent the reaction observed in an alkaline medium, there is additional 
evidence for structure (II) above in the known structures of the derivatives. 
The name diazonium is reserved for the derivatives of type (I), while those 
of type (II) are called azo or diazo compounds according to whether they 
have structure Ar — N=N — Ar or Ar — N— N — . Ordinarily the name 
diazo compound is rather loosely applied to any compound made by 
diazotization. 

.Structure of Diazotates. In fixing the structure of diazo compounds, a 
new difficulty arises in that the salts of benzenediazohydroxide (diazotates) 
have two forms. These differ from each other in several ways, notably in 
the greater ability of one of the salts to form dyes when treated with amines 
or phenols. 

To repeat: when a saturated solution of benzenediazonium chloride Is 
treated with an excess of concentrated potassium hydroxide, potassium 
benzenediazotate is formed. This salt in alkaline solution forms dyes with 
various aromatic phenols and amines. If a solution of potassium benzene- 
diazotate is digested with concentrated KOH for a short time at 130-135°, 
the salt secured is less reactive in dye formation (this power may be entirely 
lost in similar treatment of other like compounds.) 

According to Hantzsch, the two diazotates are geometrical isomers, 
examples of isomerism of the cis4rans type which is discussed on pages 
59 and 328. The more active salt which is first formed when a benzene- 
diazonium salt is treated with a base is assigned the syn {cis) structure: 



Potassium benzene-^2/ndiazotate,* 
Normal diazotate (diazoate) 


* Salts like these have been called diazotates; the term diazoate was recommended by the 
I.U.C. (see page 36). 
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It is unstable and tends to pass into the anti {trans) form : 



Potassium ben zen e-a /if/d iazotate, 
Isodiazotate (isodiazoat c) 


which is less reactive and does not readily form dyes. Although the syji- 
potassium benzenediazotate changes in a hot strongly alkaline solution to 
the ani^i-diazotate, the reverse change does not readily take place. Ordi- 
narily to make the syn compound from the an/i‘, this is transformed to a 
diazonium salt by the addition of acid, and again treated with a base. 
The changes discussed in the preceding paragraphs are summarized in the 
following scheme:* 


KOH CcHb— N 

CellsN-N -~^KC1+ II 

Cl K— 0 ~N 

Benzenediazoniiini Potassium benzene 

chloride .9?/ndiazoiate 



aan'diazotate 


Reactions of Diazonium Salts 

Replacement Reactions. Diazonium salts undergo a number of trans- 
formations, by means of which the characteristic — N=N group (X = an 

X 

acid radical) is replaced by other monovalent groups or atoms. The most 
important of these changes are: 

(1) Replacement by hydrogen; formation of a hydrocarbon. Under 
certain conditions of temperature, pressure, etc., ethyl alcohol reduces 
benzenediazonium salts to the corresponding hydrocarbons, being itself 
oxidized to acetaldehyde: 

C6H5N2CI + C2H5OH CH3CHO + N2 + HCl + CeHe 
Formic acid or alkaline stannous chloride solution (sodium stannite) may 

* Though it is agreed that the isomerism of the diazotates is of the geometrical type, the 
evidence for the structures (syn, anti) given here is not sufficient to guarantee their correctness. 
That is, the first diazotate formed may be the anii, not the syn, and vice versa. Though the 
structures of diazonium salts and diazotates have been investigated for seventy years and by 
the ablest of chemists, uncertainty yet remains. 
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also be used to perform the reduction. Alkaline formaldehyde solution is 
useful in many cases. 

(2) Replacement hy hydroxyl; formation of a phenol. An aqueous 
solution of a diazonium salt loses nitrogen when heated. A phenol results 
from this reaction. (See equation, page 479.) The solution should be 
strongly acid. 

(3) Replacement hy alkoxy* group: formation of a mixed ether. Under 
proper temperature and pressur(> conditions, alcohols react with diazonium 
salts to form mixed ethers (alipliatic-aromatic) of the type of phenctole: 

C6H5N2CI + CsHrX)!! IICl + No + CGH5OC2TI5 Phenctole 

This reaction usually takes precedence over (1) shown above. However, 
the presence of negative groups on the ring favors reduction. A negative 
group in ortho position has maximum effect. 

(4) Replaceme^d hy a halogen or C-N group: formation of an aryl halide 
or nitrile. The following three reactions are known as Sandmeyer reactions. 

HCl 

C6lTr,N2Cl > N,> + (hJlr>Cl 

(lid 

IIBr 

CelUNiCl > N. + CelUBr 

(^uHr 

KCN 

C6n5N2(l >N2 + CoIl^CN 

(uC'N 

To bring about this kind of replacement, the diazonium salt solution is 
treated with the corresponding cui)rous salt and lialogen acid, and heated 
to drive oflF nitrogen. In making the cyanides, potassium cyanide is added 
to the cuprous salt in lieu of hydrogen cyanide. 

lodobcnzene may be made without the use of the cuprous salt; in this 
case potassium iodide is employed. Also, the Cl, Br, and CN groups may 
be introduced by using fine copper powder with the proper potassium salts 
(Gattermann reaction). 

Fluoro compounds are made by adding fluoboric acid to the diazonium 
salt solution. This precipitates the aromatic borofluoride [ArN2]BF4 which 
when heated yields boron fluoride, nitrogen, and the desired fluorine 
derivative. 

(5) Replacement by a hydrocarbon group. A dry diazonium salt will 
react with an aromatic hydrocarbon to form a complex hydrocarbon, with 
elimination of nitrogen. The reaction is aided by the presence of aluminum 
chloride. The reaction can also be carried out in alkaline solution, which 
may be more convenient and safer. Cuprous oxide may be used as catalyst. 
The reaction is frequently used for closing rings. 

♦ An alkyl radical joined to oxygen is called an alkoxy group (see page 104). 
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HCl + Na + 



Biphenyl 


(6) Replacement by SIl or SR. Reaction of a xanthaie with a dia- 
zonium salt gives an aryl substitution product of xanthic acid : 

Ar— Nz— Cl + KS -C— OEt KCl + + Ar— SC— OEt 

which upon heating yields Ar — S — Et, and upon hydrolysis gives Ar SH. 

(7) Replacement by nitro group. Since the amino group is usually 
obtained from the nitro group this replacement seems useless, but it must 
be remembered that the amino group can be formed otherwise, for example 
from hydroxyl. The sequence would then be: ROH RNHo RNaCl 
RNOa. The diazonium salt solution is treated with excess nitrous acid 
and cuprous oxide. 


Furthek Reactions of Diazonium Salts 

Several of the reactions observed with diazonium salts do not involve the 
loss of nitrogen atoms from the molecule. Derivatives formed in these 
reactions have the following nitrogen linkage: X — N=N — Y. Among the 
reactions in which nitrogen is undisturbed are: 

(1) Reaction of a diazonium salt and a primary amine in a neutral or 
faintly add solution; formation of a diazoamino compound. An example 
of this type of reaction is that of benzenediazonium chloride and aniline 
whereby diazoaminobenzene is formed: 


H 


A-N-N-SA 

HCl + 


V/ 






Diazoamino- 

benzene 


Diazoaminobenzene is a rather unstable compound, melting at 96® but 
exploding at higher temperatures. Its most important reaction is its 
transformation to p-aminoazobenzene when heated with aniline and aniline 
hydrochloride: 


-N=N— N— CjEsKHs 

H 




C.H«NH2Ha 




-N=N- 


p-Aminoazo- 

benzene 


Aminoazobenzene salts are dyes (yellow) though unimportant as such, the 
chief use of the compound being for the production of its derivatives, which 
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have superior value as dyes. Another synthesis of aminoazobenzene is 
indicated in the following paragraph. 

(2) Formation of an azo dye by Coupling'^ reaction in alkaline solution. 
It was previously thought that the coupling was accomplished by the syn 
form of the diazo compound; the view now being advanced is that the cou- 
pling is through the agency of the diazonium ion. (^.oupling occurs both 
with amines* and with phenols, attacking in each case the para position 
of the ring. If this position is occui)ied, ortho derivatives may result. 
Meta coupling does not occur. 


Examples: 

^N.;Ci; TH r - 


y-NiCJl,), -> 

H('l + ^ N— N— )>N(CH3)2 

p-l )imet hylaminoazobcnzcne t 

^oii — 

HCl + 

p-l lydrox ya zobeiizene f 


Coupling may take place with })henolic ethers if an active diazo com- 
pound is used, also in certain cases with benzene itself. The rate of the 
coupling reaction is increased by negative groups (Cl, NO 2 , SO3H) sub- 
stituted in the ring of the diazonium salt. 

When an azo dye is formed, two rings are associated with the nitrogens, 
ArN— NAr. Confirmation of this structure is afforded when such sub- 
stances are reduced. In this reaction, amines are formed, the two nitrogens 
being separated : 


Redn 

CcHeN—NCelLOH > CJIsNlls + H,>NCcH40H 

ill 

This reaction is sometimes useful for the introduction t)f amino group. Thus aniline may 
be diazotized and coupled with salicylic acid. Upon reduction tlie intermediate compound 
gives aminosalicylic acid and aniline: 

<( N==N - <( ^OH iri,X<( ^OH 

CO 2 H 4II COjH, Etc. 

The name diazo is dropped in favor of azo for such compounds to indicate 
that they have aryl group attached to each nitrogen. 

* With a primary or secondary amine a diazoamino compound may be intermediate, 
t These compounds are not effective dyes but are used to illustrate the reaction because 
they have simple structures. 
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(3) Partial reduction of a diazonium salt; formation of a hydrazine derivative, 
Redn 

CeHsNaCl C 6 H 5 NHNH 2 , Etc. Phenylhydrazine 
3H 

Phenylhydrazine. This compound is prepared from benzenediazonium 
chloride by reduction in acid solution with stannous chloride, or by the use 
of sodium sulfite solution to yield, finally, phenylhydrazine hydrochloride, 
C 6 H 5 NHNH 2 HCI, from which the free base is easily obtained. Phenyl- 
hydrazine is a liquid (m.p., 19.6°, b.p., J^43.5°) of an unpleasant odor, sugges- 
tive of aniline. Exposed to light and air it rapidly darkens to a cherry-red 
color. It is somewhat toxic and should be handled with care. 

The compound when boiled with alkaline copper sulfate (Fehling’s 
solution), or ferric chloride, loses nitrogen: 

CeHsNIINHa + 2 CuO -> Cxi^o + IT 2 O + No + C.Ih 


This reaction allows us to change nitrobenzene, aniline, etc., to benzene. 
Upon reduction, phenylhydrazine is transformed to aniline and ammonia, 
the two nitrogens parting company. Moderate oxidation of plienylhydra- 
zine hydrochloride with mercuric oxhle yields bcnzeneMliazonium chloride. 

Phenylhydrazine is extremely useful in characterizing aldehydes and 
ketones, with which it forms the solid phenylhydrazones. In the chemistry 
of the carbohydrates it occupies a unique position, enabling one to change 
aldoses to ketoses. 

Antipyrine, an important remedy for headache and neuralgia, a seda- 
tive and febrifuge, is a phenylhydrazine derivative. The steps in its 
synthesis are shown below. 

(a) The reaction of phenylhydrazine and acetoacetic ester, with the loss 
of a molecule each of water and of alcohol, yields phenylmethylpyrazolone : 


CHa— C- 


0 


-C- 




-C— iOEt 


(r.) 

CHs— C- 


H2O + Eton + 


N- 


-Cells 


(ON 


H(4) (0 

c— c==o 

H 


(2) 


-N- 


-CeHs 

Z-Phenyl-5-methyl-pyrazolone 


(b) The compound so formed is a derivative of the pyrazolone nucleus. 
Antipyrine results when phenylmethylpyrazolone is treated with methyl 
iodide in methyl alcohol: 


H 

CHa— C— C— C=() 
li H t 


N NCeHe 


+ CH,I HI + 
(CHaOH) 


H 

CHsC=C 

\ 

c==o 

CHaN— NC^He 


Antipyrine 



SCHEME OF REACTIOfrS OF DIAZO COMPOUNDS 
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Scope of Diazo Reaction. For reasons of simplicity, all of the reactions 
of diazonium salts so far discussed in this chapter have been applied to 
benzenediazonium chloride. It must, however, be clearly understood that 
all primary aromatic monamincs may be diazotized and subsequently 
carried through the transformations which have been illustrated. Also 
substituted amines such as the following: 


NII2 

NH2 

NH2 

NH2 

A 

A 

A 

A 

\/ 

V 

A 

A 

NO2 

Cl 

CH3 

SO3T1 


may be employed, as well as amino derivatives of some ring compounds other 
than benzen<‘. The reaction of diazotization thus becomes one of the most 
useful of the synthetic methods of aromatic organic chemistry. 

REVIEW QUESTIONS 

1 . What is the cvklcnce for the ammonium structure assigned to benzenediazonium salts? 

2 . Discuss the structure assigned to the diazolates. 

3. How may the following compounds be made from aniline: (a) Phenol? (b) Benzene? 

(c) Anisole? (d) Phenyl cyanide? (e) Biphenyl? (f) ^vAminoazobenzene? 

4. Write equations for the formation of the following from aniline: (a) Phenylhydrazine; 

(b) Anlipyrine; (c) ^-Ethylphenol. 

5. Complete the following equations. 


A 

(a) CfiHsNHs + NaNOa -f 2HC1 X Y; 

(b) CeHfiNaCl + SnCl. + IICl 

NaOH 

(c) O 2 NC 6 H 4 N 2 CI -f CeHsNCCHa)^ > 

(d) CcHsNaCl -f KC^N -f CuC^N 

AICI3 

(e) C6H5N2CI + Celle ^ 

6 . Specify the necessary conditions and the amounts of chemicals needed for the diazoti- 

zation of 25 g. of aniline; of 15 g. of p-toluidine. 

7. How may phenylhydrazine be converted to: (a) Phenol? (b) Phenyl chloride? 

8 . Write equations for the conversion of p-nitroaniline to p-chloronitrobenzene. 

9. How may the arrangement of nitrogen atoms in an azo compound be confirmed? - 

10 . How. many cc. of nitrogen would result from the treatment of 10 g. of phenylhydrazine 

with an excess of Fehling’s Solution. How much cuprous oxide would be formed? 

11 . Name five derivatives of aniline prepared through different applications of the diazo 

reaction, and give a use for each. 

12 . Show by sequences of equations how to make the following compounds from aniline: 

(a) p-Dichlorobenzene; (b) 1,3,5-Trichlorobenzene; (c) p-Diethylaminotoluene; (d) 
p-Methoxytoluene; (e) p-Carboxytoluene. 

13. Show by sequences of equations how to make the following compounds from benzene; 

(a) l-Amino-3-methyl-4-bromobenzene; (b) m-Dicarboxybenzene; (c) p,p'-Dimethyl- 
biphenyl; (d) p-(Methylammo)chlorobenzene. 
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14. Indicate how the following compounds may be synthesized from toluene: (a) p-Tolylhy- 

drazine; (b) Di-p-tolyl ether; (c) p-Cresol; (d) p-Chlorololuene. 

15. Using only aniline and ethyl bromide as organic source materials, synthesize p-bromo- 

aniline. Both source materials must be used. 

16. How would you make o-iodoaniline from o-nitroaniline? 

17. If a water solution of benzenediazonium chloride shows the presence of chloride ion 

and is neutral, what do we know regarding the strength of tlie base benzenediazonium 
hydroxide? 

18. If a diazoniurn salt solution is to be heated to form n phenol it should be strongly acid. 

Why? A solution of a diazoniurn nitrate would not be very suitable for this reaction. 
Why? 

19. When diazotization is carried out too rapidly some amines give niiroso compounds. 

Explain how this could occur. Give another valid reason for avoiding an excess of 
nitrous acid during a diazotization. 

20. If during the diazotization of aniline an excess of sodium acetate is added to the .solution, 

diazoaminobenzene precipitates. Explain its formation. Devise another method for 
making diazoaminobenzene. 

21. Write full equations for the following syntheses from benzene: (a) n/-Dibromobenzene* 

(b) p-Tolylhydrazinc; (c) ?<- Butyl phenyl ether. 

(R)22. The reduction of methyl-phenyl-nitrosamine gives inethylphcnylhydrazine; the same 
compound is formed wlien methyl bromide acts upon the alpha monosodium derivative 
of phenylhydrazine. Show how these facts establish the structur(‘ of phenylhydrazine. 
Explain by the use of equations how the following compounds may be converted to 
benzene. 

(a) CeHoGOOH; (b) ClhCdUCOOU; (c) O^SCJliSO,; (d) 02NC\Jl4NHNll2; (e) 

IIOC6H4NH2. 

(R)24. Show how to make the following compounds from /Knilrotoliiene. (a) m-Bromo- 
chlorobenzene; (b) m-Phcnylenediamine; (c) o-T(*luie acid. 

25. Outline the synthesis of each of the following from benzene. 


(a) C 2 H 6 <^ 

>N-=N< 

: 

(b) H,C<^ 

i> c 


M / 



(«1) 

>=■"<1 

^N(C,H6),, 


26. Tell how to make the compound with this formula: 

(CH.)aN<( ^^ 

(R)27. Discuss the following reactions, writing an equation for each. Benzene is nitrated at 
60®C. with concentrated nitric and sulfuric acids. The product is reduced with tin 
and hydrochloric acid. After isolation of the new compound this is treated with one 
mol of sodium nitrite and excess of hydrochloric acid. The resulting solution is 
added to an alkaline solution of /9-naphthol, 

26 « Discuss the isomerism of the dia^otates. 
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29. Write a complete scheme for the preparation of antipyrine. Any inorganic compounds 
may be used, but all organic materials must be made either from methyl or ethyl alcohol. 
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CHAPTER XXVI 


AROMATIC AIXX)IIOLS, PHENOLS 

Two distinct types of hydroxy compounds are possible in the aromatic 
series, corresponding to the attachment of the OH group directly to the ring 
or to an alkyl side-chain. Compounds of the former class are known as 
phenols if the benzene ring is involve<l. The corresponding compounds of 
naphthalene are the naphthols. They will be described on subseejuent pages. 
The differences between the two types <)f aromatic hydroxy compounds will 
be emphasized during the discussion of the phenols. For the present, 
suffice it to say that those aromatic compounds which have OH group sub- 
stituted in the side-chain are true alcohols. In reactions, mode of prepara- 
tion, and in some of their physical properties they are closely akin to the 
aliphatic alcohols. 

Alcohols 

The simplest representative of the aromatic primary alcohols is benzyl 
alcohol, C6H0CH2OH (CellsClLi is the benzyl radical). This substance, 
which is an oil, boiling at 204 . 7 ®, is found in nature in the form of an ester 
in balsam of Peru and of Tolu, and in the oils of a number of flowers. It is 
used to prepare perfumes, also as a local anesthetic. Ephedrine (page 742 ) 
is an important derivative. 

Preparation. Benzyl alcohol may be made by methods already familiar 
for the preparation of aliphatic alcohols, i.e., 

( 1 ) By hydrolysis of the corresponding halogen compounds. Benzyl 
chloride heated with water, or better, with a solution of potassium car- 
bonate yields benzyl alcohol: 

A 

C6H5CH2:Ci; +" 111 — OH ^ HCl + CJIsCHsOH Benzyl alcohol 

( 2 ) Aromatic aldehydes, when treated with a strong base, undergo 
mutual oxidation and reduction between the molecules, half of the sub- 
stance being oxidized to the corresponding acid, while half is reduced to the 
alcohol stage. (Cannizzaro reaction.) By this method benzyl alcohol is 
prepared from benzaldehydc: 

2C6H5CHO + KOH C6H5CO2K + C6H5CH2OH 

Benzaldehyde Benzoic Benzyl 

acid (Salt) alcohol 

Formaldehyde has been cited as an example of an aliphatic aldehyde which 
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follows this type of reaction. Other aliphatic aldehydes possessed of alpha 
hydrogen atoms give resins when acted upon by a strong base. Those 
which have no alpha hydrogen (trimethylacetaldehyde for example) do not 
form resins. 

The methods cited for the preparation of benzyl alcohol will answer for 
any of the primary aromatic alcohols. Alcohols of the secondary type arc, 
like aliphatic secondary alcohols, the reduction products of the corresponding 
ketones. Also they may be prepared through the use of the Grignard 
reaction, as described in Chapter XXIX. 

Tertiary aromatic alcohols result from the Grignard reaction, again they 
are formed by the oxidation of an aromatic hydrocarbon : 

(C6H5)3rH > ((VTCOaCOH Triphenylcarbinol 

() 

The heavy loading of tlie tertiary carbon atom makes oxidation easy. 
Similar activity of tertiary carbon atom and of carbon atom with heavy 
load has been noted before (pages 32, 116). 


Heactions of Aromatic Alcohols 

The reactions are those already learned from study of the aliphatic 
alcohols. A few examples will illustrate this likeness. 

(1) Oxidation, Primary alcohols oxidize first to aldehyde, then to acid: 

Oxid Oxid 

CoIIr,CII..()H > CoHsCIIO > CeHbCOOH 

Benzyl alcohol Benzaldehyde Benzoic acid 

Secondary alcohols oxidize to ketones: 



Metbylphcnylcarbinol Acetophenone 


(2) Action of halogen acid; formation of a halide, 

C 6 II 5 CH 2 OH: + iH Br TI^O + C 6 H 5 CIl 2 Br Benzyl bromide 


As explained in the next paragraph, this action proceeds more readily than 
with aliphatic alcohols. 

(3) Action of organic add {anhydride^ acid chloride); formation of an 
ester. 
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Benzyl acetate has the odor of jasmine. It is used in artificial perfumes and 
as a solvent for airplane dopes. Benzyl benzoate, C 6 H 6 COOCII 2 C 6 H 6 , is 
used in perfumes, and in remedies for asthma and whooping cough. 

The OH group of the aromatic alcohols is not held so firmly to carbon as 
in the aliphatic alcohols. This is especially the case when the group is 
alpha to the ring. Thus the formation of a halide by action of a halogen 
acid (see (2) p. 492), proceeds at a lower temperature. In the case of the 
tertiary alcohols the activity of the OH group is such that a chloride and 
not an ester is formed by the action of an acid chloride: 

(C6H5)3C 0II + CH3C— Cl CH3C— OH + (CoH^aC Cl 

Triphenylmethyl chloride, 
Triplienylchloromethane, 

, Trityl chloride 

The negative phenyl group is responsible for this activation. This activity 
often renders necessary the employment of indirect methods for the intro- 
duction of other groups into the ring; for instance, nitrobenzyl alcohol 
could not be prepared by direct nitration, as the alcohol would be oxidized by 
the nitric acid. It may, however, be made from nitrotoluene : 

CHa CH 2 CI CH 2 OH 

■ / A / n.o / 

CeH4 (p)+Cls ^CJl4 (p) >HC1 + CoH4 (p) 

\ light \ \ 

NO* NO* NO* 

p-Nitrotoluene y>-Nitrobeiizyl alcohol 


m-Nitrobenzyl alcohol is produced when concentrated sodium hydroxide 
solution acts upon m-nitrobenzaldehydc; this is another example of the 
Cannizzaro reaction. 


CHO 

/\ 



+ NaOH 


C— ONa 



+ 


CH*OH 

/\ 




—NO 


2 


/ 3 -Phenylethyl alcohol, C 6 TI 5 CH. 2 CH 2 OH, which occurs in attar of roses, 
is used in perfumery; for synthesis see pages 572, 580. It has value as 

H H 

a local anesthetic. Cinnamyl alcohol, C6H6C = C>CH20H, an example of 
an unsaturated aromatic alcohol, has a hyacinth odor. It is employed in 
making perfumes. 

Phenols 

\X When a nuclear hydrogen atom of benzene is substituted by the OH 
group the resulting compound is called a phenol. One or more hydrogens 
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may be substituted in this way in benzene, naphthalene, etc., giving respec- 
tively monohydric, dihydric, and polyhydric phenols, naphthols, etc. The 
name phenol belongs to the class and also to its simplest member, CeH^OH, 
formed from benzene. The homologs of phenol exist in three or more 
modifications. Formulas of the cresols, compounds which stand next to 
phenol in tJie homologous series, are as follows: 


on 

OH 

on 


A 

A 

V 

S^Clh 

V 



CH3 

o-Oosol 

?w-CVesol 

'p-( 'resol 


These compounds are isomeric with benzyl alcohol, CcH&CILiOH. 

We have seen that the aromatic alcohols, in which OH is located on a 
side-chain, behave like aliphatic alcohols. When the Oil group is directly 
attached to the benzene ring, there are still some points of resemblance to be 
noted. It will be seen that phenol forms salts, esters, and ethers, in much 
the same way as an aliphatic or aromatic alcohol. However, the near 
presence of the benzene ring causes certain marked differences between the 
two classes of alcohols, both in methods of preparation, and in reactions. 
These will be pointed out in the progress of the chapter. 

Physical and Physiological Phopkhtiks of Phenols 

Phenol, or carbolic acid, is a colorless solid with a peculiar characteristic 
odor. Sparingly soluble in water, it dissolves well in the customary organic 
solvents. It is a violent poison, and has a strongly caustic action, causing 
the formation of blisters. 

It is easily absorbed through the skin or mucous membranes. The 
toxicity of phenol solutions is probably connected with the precipitation of 
proteins. Exposed to light and air, phenol is soon colored red. Other 
monophenols are liquids or colorless solids. Those of higher molecular 
weight are nearly insoluble in water. They distil without decomposition 
and are volatile in steam. The majority of these compounds have a pro- 
nounced and characteristic odor. The solubility of phenols in water 
increases with the number of hydroxyl groups, while their volatility in steam 
becomes correspondingly less. All types, with but few exceptions, are solu- 
ble in potassium or sodium hydroxide solution. Most of the phenols have 
antiseptic action. 

Phenol has fair antiseptic value, but the homologs are more powerful 
antiseptics while less toxic to man. The phenol coefficient of a disinfectant 
is a number representing the concentration of phenol required to destroy an 
organism in a given time, divided by the concentration of the competing 
compound needed to destroy the organism in the same time under identical 
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conditions. This coefficient is useful only when applied to compounds 
related to phenol, 

Monohydric Phenols 
Methods of Preparation 

The synthetic methods used to produce the phenols are in marked con- 
trast to those shown for tlic j)rcparation of alcohols. For the monophenols 
we have the following methods: 

(1) The fusion of a sodium sulfonate with a strong base. Sodium 
benzenesulfonate by this reaction yields phenol (equation on page 440). 
This method is used for the commercial prci)aration of })henol. 

(2) The heating of a water solution of a diazonium salt (equation, 
page 479). This reaction, as is easily seen, offers a means for the trans- 
formation of any nitro compound or primary amine to its corresponding 
hydroxy compound, or through nitration, reduction, and diazotization, any 
aromatic hydrocarbon may be converted to a hydroxy compound. 

(3a) Within recent years tlie hydrolysis <)f benzene halogen compounds 
has been intensively studied, and this reaction has now been adapted to 
the commercial production of j)henol from chlorobenzene. Chlorobenzene 
is heated to 320®, j)r(\ssure of 3000 pounds, with diphenyl ether, sodium 
carbonate solution, and copper catalyst. 

(b) In the Ilaschig process chlorobenzene is heated to 400-450° with 
water vapor and a catalyst. 

CoHrX I + II 2 O IICl + C 6 II 5 OH 

The hydrogen chloride is put into reaction with benzene and air to make 
additional chlorobenzene (page 430). 

When nitro or sulfo grouj) is placed para and ortho to halogen in the ring, 
the attachment of the halogen atom is less secure, and hydrolysis occurs 
readily : 



2,4-1 )iiiitroplienol 


The cresols (o, m, p) are prepared by methods analogous to those just 
presented. 

Examples: Preparation of o-cresol from diazotizod o-toluidine hydro- 
chloride: 



e-CresoI 
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Preparation of p-cresol from p-toluenesulfonic acid salt: 


CH, 

CH 


Fusion 



+ KOH -> KjSOs + 


\/ 


\/ 

SO3K 

OH 


Phenol and the cresols also occur in coal tar, from which they are 
prepared on the large scale. Cresols are found in heechvvood tar. 

Reactions of Monophenols 

The more general reactions of monophenols are as follows: 

(1) Formation of salts (PhenoxideSy PhenolateSy or Phenates). Phenol, 
treated with an cquimolecular amount of sodium hydroxide solution, yields 
sodium phenoxide upon evaporation of the water: 

CfiHsOH + NaOH ^ H 2 O + CellsONa 

Sodium phenoxide. 

Sodium phenolate 

Salts of phenols so prepared are similar in structure to aliphatic alkoxides, 
but they arc stable in water solution, in contradistinction to salts of ali- 
phatic alcohols. Evaporation of their water solutions to obtain thS 
phenoxides is a practical measure, while the evaporation of a solution of an 
alkoxide might cause distillation of the alcohol to take place. 

Aromatic phenols differ from aliphatic alcohols in their possession of 
marked acid properties. Thus to form the sodium salt we note it is nA 
necessary to use metallic sodium. A solution of phenol will affect litmus 
paper, but is a weaker acid than carbonic acid, and therefore will not dis- 
place it from its salts. Stated another way, phenol is insoluble in a solution 
of sodium carbonate. This allows us to separate phenols from the car- 
boxylic and sulfonic acids, which are of course soluble in sodium carbonate 
solution. The acidic nature of phenol is enhanced by the introduction of 
nitro groups, especially when they are para and ortho to OH. Picric acid 
(page 509) is considerably stronger as an acid than is carbonic acid. The 
following representative ionization constants bear this out. 


Water 

Ethanol 

Phenol 

p-Nitrophenol 

Carbonic acid (first hydrogen) 

Acetic acid 

iK,4-DinitTophenoi 

Picric acid 


Ionization Constants 
. , 1 X 
..7.3 X lO-ao 
..1.3 X 
.. 6.9 X KT* 
..8.0 X 
.. 1.75 X 10~» 
..9.6 X 10~« 

.. 1,6 XX0~» 
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Edward C. Franklin. (1862-1937, 
American.) An outstanding teacher and 
research worker. Author of the recent 
monograph on the nitrogen system of 
compounds. Tie was professor of chemis- 
try at the University of Kansas and later 
at: Stanford ITniversity. See Ind. Eng. 
Ckem., 19 , 1297 (1927); J. Chem, Soc., 
(London), 1938 , 583. 




L. H. Baekeland. (American, 
1863-1944.) Baekeland had his early 
schooling in Belgium and came to 
America in 1889. His work has consisted 
in taking “unworkable” laboratory syn- 
theses in hand, ironing out the difficulties 
and turning them into large-scale suc- 
cesses. The best known examples are 
Velox and synthetic resins (Bakelite). 
See Ind. Eng. Chem., 20, 1274 
(News Edition), 20, 1681 (1942). 


Underwood and Underwood Studioi* 
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The acid-forming ability of the negative phenyl and nitro groups is well 
illustrated here. 

( 2 ) Formation of ethers: mixed and simple. The reaction of a salt of 
phenol with an alkyl halide gives a mixed ether: 


CeHsOiNa + ili— C2H6 


Nal + C6H5OC2H5 

Phenetole 


This is an extension of the Williamson reaction (page 123 ). Anisole, 
CeHsOCHa, is formed by a similar reaction with methyl iodide, or with 
methyl sulfate. If anisole is made from phenyl bromide and sodium 
methoxide, it is necessary to apply a temperature of over 200® for a long time, 
heating the materials in a sealed tube under pressure. This is another 
illustration of the lack of reactivity of aryl halides as compared with alkyl 
halides. 

Ethers like phenetole and anisole hydrolyze with difficulty when heated. 
With hydriodic acid they yield alkyl halide and phenol: 

CeHsOCzHs + HI CcHsOH + C2H5I 

Simple aromatic ethers may be formed by heating phenols with aluminum 
chloride or zinc chloride: 


AICI3 

2C6H5OH ^ H2O + CbHb— O— CcHb 

Heat Diphenyl ether 

This type of ether resists hydrolysis to a marked degree and is unacted 
upon by hydrogen iodide even at elevated temperatures. It may, however, 
be split by treatment with sodium in liquid ammonia; this also applies to 
its substitution products. Diphenyl ether is used as a boiler fluid (Dow- 
therm) because of its stability at high temperatures. Anisole, phenetole, 
and diphenyl ether have fragrant pleasant odors, and are used in synthetic 
perfumes. Derivatives of the first two will receive consideration in a later 
paragraph. 

( 3 ) Formation of esters. Phenols do not form esters directly with organic 
acids as do alcohols. One uses instead the acid anhydrides or acyl chlorides. 

A* 

CeHeOH + Cl— C— CH3 HCI + C»H6— O— C— CH, 

Phenyl acetate 

Such esters are very easily hydrolyzed to their constituents. 

( 4 ) Reduction. Phenol, distilled with zinc dust, is reduced to benzene: 

A 

CbHbOH + Zn — ► ZnO ~f" C^He 
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Cresols are similarly converted to toluene. Catalytic reduction of phenol, 
using hydrogen and a nickel catalyst at 160° gives cyclohexanol. 

I^^OH 611 

I > ^OII Cyclohexanol 

H2 

This is used in the commercial production of adipic acid (page 252). 

(5) Oxidation, Like the aliphatic tertiary alcohols, the phenols have the 
grouping = C — OH. A certain likeness is observed when these compounds 
are oxidized; neither aldehyde, ketone, nor acid is produced. Severe oxida- 
tion ruptures the benzene ring, yielding acids with lesser carbon content 
than phenol; this behavior is characteristic of tertiary alcohols. 

The oxidation of cresols by chromic acid is facilitated by the protection 
of the OH group by alkyl or acyl substitution. Oxidation then converts 
the CH3 group to carboxyl. In the absence of such protection oxidation is 
difficult. o-Cresol when methylated is oxidized to the conesponding 
ether-acid : 

CH3 COOH 

/ Oxid / 

CelL (o) ^ C 6 H 4 (o) 

\ \ 

OCH3 OCH3 

(6) Action of halogens upon phenol. Substitution by halogen takes place 
more easily with a phenol than with a hydrocarbon: 

OH 

+ SBra 

V 


In fact tribromophenol forms at once when bromine-water acts upon phenol. 
(Note similarity to the reaction of aniline and bromine, page 471.) Its 
formation may be used as a test for phenol, as tribromoaniline is used for 
aniline, both derivatives being crystalline solids of definite melting point. 
The coloration produced by ferric chloride solution may be used as an 
indication of the presence of a phenol. With this reagent phenol itself 
gives a violet solution, while the cresols give a blue color. Since ferric 
chloride yields colored solutions with other compounds than phenols, the 
test is not specific, but it is often helpful in analytical work (see page 775). 
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( 7 ) Reaction with phosphorus pentachloride. This reagent produces 
chlorobenzene from phenol. The reaction is not practical for the yield is 
very low. Nitrophenols give better results. 

C 6 H 5 OH + PCI 5 POCI 3 + HCl + CeHsCl 


In addition to this reaction, which is typical of aliphatic alcohols, the follow- 
ing side-reaction occurs. Although this is also true for aliphatic alcohols, 
the side-reaction in that case is not so important as with phenols: 

aCeHeOH + POCI 3 3HC1 + (C 6 HbO) 3 PO Triphenyl phosphate, a 

substitute for camphor, 
and a plasticizer. 

Phenol, in reaction with phosphorus trichloride, similarly yields (C6H50)3P, 
together with (C6 HbO) 2PC1 and (C6H60)PCl2. 

( 8 ) Production of an amine fram a phenol. Phenol heated in the pres- 
ence of ammonia and zinc chloride exchanges OH group for NII^: 

NHa 

CeHfiOH > H 2 O + C 6 H 5 NH 2 

ZnCh 


The polyphenols and the naphthols undergo this reaction more readily 
than do phenols. 

( 9 ) The Kolhe and Schmitt reaction. When sodium phenoxide is treated 
with carbon dioxide under pressure, at a temperature of 130 °, absorption of 
carbon dioxide takes place: 


/V-ONa 

\/ 


A 

+ CO 2 

Pressure 



Sodium phenyl 
carbonate 


Sodium phenyl carbonate, the product of this reaction, undergoes rearrange- 
ment when in the presence of carbon dioxide under pressure. The final 
product of the rearrangement is the sodium salt of o-carboxyphenol (sali- 
cylic acid), from which free salicylic acid is obtained by treatment with a 
mineral acid: 



/\/ 


OH 


.0 


\/\ 

C— ONa 

Salicylic add 
(salt) 
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This reaction, on the surface at least, resembles the rearrangements of 
substituted anilines previously discussed (page 473). In the Kolbe- 
Schmitt synthesis the shift is generally to the ortho position. However we 
note that heating of potassium phenyl carbonate to 150® gives salicylic acid, 
but this tends to shift to the para acid. At a temperature of 220® only the 
para acid is obtained (])age 529). The Kolbe reaction has wide application. 
Polyhydroxy compounds react readily, also ethers of phenols, also naphthols. 

Salicylic acid and its derivatives are taken up in the chapter on acids 
(page 529). They are compounds of great usefulness. 

(10) Bsimer and Tieniann reaction. Formation of a phenol aldehyde. 
The presence of concentrated soclium hydroxide solution induces a reaction 
between phenol and chloroform, by means of which the chloroform residue 
attaches to the benzene ring, mainly ortho to the hydroxyl group: 


on 

+ HCCla + NaOIl 


Na('I + H./) + 


. J— CCI2 
^ H 


The intermediate compound is liydrolyzed by tlie excess sodium hydroxide, 
producing, finally, salicylic aldehyde: 




on 

(X'U 

n 


+ 2NaOH 2NTa('l + IIjO + 


-on 

(W) 

H 


Salicylic 

aldehyde 


This synthesis, like that of Kolbe, may be applied not only to monophenols 
but to polyphenols as well, giving rise to numbers of xiseful derivatives. 
By a slight modification, using carbon tetrachloride for chloroform, phenol 
may be converted to salicylic acid: 


/\-OH /\-OK 

+ ecu + 6K()n ^ 4KC1 + 41120 + i 




C— OK 

Salicylic acid (salt) 


(11) Formation of thiophenol. Phosphorus pentasulfide reacts upon 
phenol, causing exchange of SII for OH group : 

5C6H5OH + P2S5 P2O5 + 5 C 6 HbSH 

Thiophenol, Benzenethiol 


Thiophenol is an ill smelling liquid. Like phenol it has caustic action upon 
the skin. Its oxidation yields benzenesulfonic acid (page 438). 
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(12) Action of nitric and sulfuric acids. Sulfuric and nitric acids do 
not form esters with phenol, as might be expected by analogy with the 
aliphatic alcohols. Instead, hydrogen of the benzene ring is substituted by 
sulfo or iiitro groups, the presence of OH making such substitution much 
easier than with benzene. We have noted in aniline and toluene that the 
Nn 2 and CII 3 groups work to aid substitution. 


/Noh r^oH 

+ 2H2S()4 -> 2 H 2 O + 

S03H 




/Noh 


+ 2HN()3 -> 2 II 2 O + 






'NO, 



The p- and o-iiitrophenols are formed when phenol is treated with cold dilute 
nitric acid, or from the p- and o-nitrochlorobenzeiies by hydrolysis. 

Distillation with steam removes the ortho compound from the para which 
is nonvolatile in steam. o-Nitrophenol is a yellow solid, whose odor is 
reminiscent of phenol and nitrobenzene. It dissolves in alkali to give a red 
solution. 2 ^-Nitrophenol is colorless or very light yellow, giving dark 
orange solutions in alkali. Both nitrophenols are stronger acids than 
phenol. m-Nitrophenol is not formed by direct nitration, but from m-nitro- 
aniline through the diazo reaction. 


2,4-Dinitrophenol has been found to greatly increase the rate of metabolism when ingested, 
and was for some time used in the treatment of obesity. The compound has harmful side- 
effects, however, and its use has been abandoned. l-Methyl-2-hydroxy-3,5-dinitrobenzene 
has an even greater effect on the metabolic rate. 


The phenol sulfonic acids, para and ortho, are formed through the direct 
sulfonation of phenol, the meta acid by careful treatment of w-benzene- 
disulfonic acid with potassium hydroxide: 


SO3K 

A 

+ KOH 


170-180° 

^KsSO, + 


OH 

A 

s^SOsK 


The jj-phenolsulfonic acid is more stable than the ortho compound and is 
formed from the latter by treatment with hot dilute sulfuric acid. o-Phenol- 
sulfonic acid (Aseptol) is an antiseptic. 

(13) Reaction with formaldehyde. Phenol condenses with formaldehyde, 
or with hexamethylenetetramine, to form products whose chemical make-up 
is not yet perfectly clear, but which are extremely valuable in many widely 
varied fields. 
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If the condensation has not progressed very far, the product is soluble in 
organic solvents to form a varnish or lacquer. The product of more com- 
plete condensation is hard and firm. It is capable of being molded to 
various shapes; moreover it is resistant to heat, water, and acids, and a 
non-conductor of electricity. These condensation products are brought 
upon the market as Bakelite, Resinox, Durez, etc. Such materials arc 
universally applied in making radio parts, magneto parts, pipe stems, 
cigarette holders, fan blades, airplane and automobile parts, and many 
other pieces formerly fabricated of hard rubber, wood, metal, or glass. 
The principal use of phenol is for the manufacture of these synthetic resins. 

The initial reaction in Bakelite formation is between formaldehyde and 
phenol: 


A 

H 2 CO + c JT 5 OH 

( ’atalyst 


OH 

f^CHsOH 

v 


This is followed by reaction between molecules of the newly ercate<l inter- 
mediate: 


OH 


CHaOH 


+ 


OH 

/\CH.,0H A 


on 


H20 -b 



OII 


/\cH20H 




Further reaction of this kind would lead to the production of a linear polymer 
of the type discussed on pages 150, 255. Such chains exist, but they are 
cross-linked by condensation of formaldehyde between carbon atoms para 
to hydroxyl groups. 

Following is a possible formula for a portion of the final complex polymer: 



Phenolic resins are also made from phenol, cresol, etc., and furaldehyde, and 
other aldehydes. 
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Synthetic Resins (Plastics). Under the head of synthetic resins we 
find a host of materials which have certain physical properties in common, 
but which on the chemical side differ widely from one another. They are 
made by polymerization and condensation reactions, from compounds both 
saturated and unsaturated, which have suitable reacting groups. The 
name plastics has been applied to these materials, though, properly speaking, 
any substance, natural or synthetic, which may be molded to a solid shape 
is a plastic. We have defined polymerization (page 57) as a reaction 
between like units which is capable of uniting an indefinitely large number of 
them. If one molecule adds the next, etc., in series (the molecular weight 
of the polymer being a simple multiple of that of the monomer), we have 
addition polymerization. In case, however, there is also a loss of water 
(ammonia, etc.) between functional groups the process is known as condensa- 
tion polymerization. 

Two monomers may polymerize jointly; in this case we have copolymeri- 
zation. There are compounds which will not polymerize alone, but are 
able to copolymerize in the presence of other suitable compounds. The 
final product in such a case is not a mixture of separate polymers but a 
complex made up of both original compounds. 

A thermoplastic resin is one which will soften when heated, remaining 
soft permanently while hot. Addition polymers are mostly of this type. 
They are formed by reaction between bifunctional molecules. A thermo- 
setting resin softens when heated, but becomes hard after a time and is then 
permanently insoluble and infusible- We have seen that polyfunctional 
molecules can undergo cross-linking (see page 503). This reaction in the 
heated polymer increases its complexity and is the cause of the solidification. 
Such a material is pressed in a hot mold and after a short interval solidifies 
in the shape imparted by the mold. 

Proposed forniulas of some of the important synthetic resins now avail- 
able are given here. Additional information will be found on pages 534, 625. 
See also the references, page 518. 

Urea-formaldehyde Resins. Reaction (1) 

H 2 CO + H^NC— NH 2 -> HOCHjNHC—NHs Hydroxymethylurea 

(shown as (A) below) 

Reaction (2) 

A + A >mH20 + 

HOCH2NHC— NHICHjNHC— NHJnCHsNHC— NH2 

« * ♦ 

Reaction (3). Cross-linking between the nitrogen atoms of adjacent 
chains (starred in the formula above) by formaldehyde molecules, with loss 
of water. The following illustrates part of the final molecule: 
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— CHa— N— C— N— CII 2 - - 

I I 

CHi CH 2 

— CH 2 — N— C- N— CII 2 — 

\) 

Phenol-formaldehyde Resins. St'e page 502. 

Acrylate Resins. The polymerization of a-mcthylacrylic acid and its 
methyl ester were mentioned <m i)age 180. Methyl acrylate i.s also u.sed for 
resin production. Projjosed formula for polymethyl methacrylate is: 

Clla CJh CHs 

HI HI HI 

C ]„— c - c— 

H I H I HI 

COOCH 3 (XXICIH COOCH 3 

Polystyrene Resins. Polystyrene is thermoplastic and has high resistance 
to acids and alkalies. I'he linear chain in the iwlymer is probably: 

H H H 

— r CH 2 -- f’ CH 2 - C CH 2 

I I I 

CAh ('cHs f’oHi, 

Hardness of the resins is increased by copoly in erizat ion with j>-divinylben- 
zene. The effete t of the copolynierizatioii probably rests upon reactions 
which form cross links in the polymer. 

Alkyd Resins, These arc prepared from the interaction of acids and 
alcohols (in general, polycarboxylic acids and polyhydroxy alcohols). 
The glyptals, made from phthalic anhydride and glycerol, form an important 
class (see page 533). Other alkyds are made from sebacic acid, maleic 
anhydride, succinic acid, with ethylene glycol, diethylene glycol, and other 
alcohols (see page 255). 

Nylon, This is a general name used for all fiber-forming materials of 
polyamide structure. Many different nylons are now available. One of 
these is a linear polymer formed from adipic acid and hexamethylenediamine. 
Hexamethylenediamine is made from adipic acid (page 252) by the following 
steps: (1) transformation to adipainide by treatment with ammonia (heat, 
pressure) ; (2) reduction of adipamide by catalytic hydrogenation. 

H00C(CH2)4C00H + H2N(CH2)6NH2 + 

H00C(CH2)4C0[HN(CH2)6NHC0(CH2)4C0]„NH(CH2)6NH2 

Nylon is thermoplastic. For production of thread the melted material 
is forced through dies in fine filament form. The filaments are then 
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stretched; this has the effect of lining up the long molecules into parallel 
bumlles, thereby increasing the tensile strength and elasticity of the filament. 

Vinyl chloride resins contain a linear chain complex formed by addition 
of vinyl chloride molecules; 

II II H II II II 

n(:il 2 --f’H€l ->■ - C^ -C— C- c— c;— 

I II I H I II 

Cl ('1 Cl 

The resins are thermoplastic; they are used for flexible tubing, gaskets, other 
purposes in which resistance to corrosion is imjjortant. 

Vinyl acetate resins contain the chain: 

H H H II II II 

nCUr- (TKX'OCH., - C— C C— C f^— C 

I H I II I H 

OCOCH 3 OCOCH 3 OCOCH 3 

They are thermoplastic; used largely for adhesive purposes (binder for 
drinking cups, food cartons) ; metallic lacquers. The hydrolysLt of polyvinyl 


acetate givc.s polyvinyl alcohol : 



H 

H H 

H 

— C— 

-C— C— 

-C— 


H 1 

II 


OH on 

This in reacting with an aldehyde gives a polyacetal. A .section of the 
polyvinyl butyral molecule is: 

H Hs H H 

— C— C— C— c— 

I H 

H 

Q— C— O 

I 

C,H7 

The resin made of polyvinyl butyral was largely used as the interlayer of 
safety glass. Present uses in World War II include: hospital sheeting, life 
rafts, surgical plasters, water bags. Formaldehyde and acetaldehyde are 
condensed with polyvinyl alcohol as shown above to give useful resins. 

Copolymerization of vinyl chloride and vinyl acetate in various proportions 
gives a series of plastics. A possible structure for a portion of one of the 
molecules is: 

HHHHH HHH 

— C— C— C— C— C C—C—C— 

1 H I H I H I H 

Cl a ococHs Cl 

Vinyon (a textile) is of this type; KoroseaU widely used in shower curtains, 
raincoats, etc., is made from vinyl chloride. 
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Vinylidene chloride, CH 2 — CCI 2 , is polymerized to give a linear molecule, 
a portion of which may be: 

H Cl H Cl H 

— C— C— C— C— C— 

H Cl H Cl H 

When the molecules arc oriented in parallel fashion by suitable treatment the 
material has great tensile strength. It is made in rods and tubes, etc., used 
for outdoor furniture, seat covers, flexible piping. Saran is a trade name. 

Copoly men zat ion of vinyl chloride and vinylidene chloride is also employed 
for resin manufacture. 



Fig. 83 . — Synthetic resin pipe for ilsc in chemical plants. {Ind, and Eng. (^heniisiry.) 


Petroleum resins are made by treatment with aluminum chloride of 
mixtures obtained in the cracking of low molecular weight alkanes such as 
propane or butane. The resins are unsaturated and oxidize readily when 
dissolved in a solvent and expo.sed in a thin film; hence they are useful in 
quick-drying varnishes. 

Other materials used in making plastics include cellulose acetate, Galalith 
(formaldehyde-casein product), ethylene dichloride (Thiokol) (page 625). 
Ethylene dihalides heated with certain aromatic hydrocarbons of formula 
RC 6 H 4 R 1 in the presence of aluminum chloride, give plastics (A-X-F), 
useful for compounding with rubber or Neoprene. Soybean protein is used 
with formaldehyde to make a thermoplastic resin; soybean protein may also 
be used in connection with phenol and formaldehyde. 

Ester gum is used in large amounts to blend with other resins in lacquer 
formation. It is made by esterifying rosin acids (chiefly abiotic acid) with 
glycerol. Many of the newer plastics are made by the use of rubber as a 
starting material (Plioform). 

In the fabrication of synthetic resins, plasticizers are used to prevent 
embrittlement, also fillers and coloring materials. A variety of catalysts is 
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used to aid the polymerization reactions. Not only are the resins used for 
production of solid objects; many coating compositions are made by dissolv- 
ing synthetic resins in suitable solvent mixtures. 

Space limitations forbid any attempt to discuss the methods* by which 
these resins are brought to the market; this material will be found in the 
references at the end of the chapter. 

(14) Alkylation of phenol. If phenol is treated with an alkyl halide in 
presence of ferric chloride or aluminum chloride, alkylation occurs : 

CH3 (^113 

FeCh, 

OH ^HCl + II3C 

, AlCh 

CHa CHa 

p- Trr/-biitylphcnol (used 
for oil-soluble synthetic 
resins) 

p-reri-amylphenol (Pentaphen) is a compound of the type under discus- 
sion. It is used to make oil-soluble synthetic resins, as a plasticizer for 
cellulose nitrate, and as a bactericide. 

It has been noted that certain alkyl-phenyl ethers rearrange in presence 
of aluminum chloride; the OH group is reformed and the alkyl group 
migrates to the ring. Boron fluoride also promotes this reaction. 

For condensation reactions of phenols leading to the production of dyes, 
see pages 535 and 686. 

Examples of Monohydric Phenols 

Phenol (Carbolic acid) and the cresols have already been considered at 
some length. Aside from their value for synthetic work, which is consider- 
able, these substances have wide employment as antiseptics and disin- 
fectants. For such purposes the cresols are more effective and at the same 
time less poisonous than phenol. Lysol is a mixture of cresols in soap solu- 
tion, used as a disinfectant, especially in hospitals. 

Thymol is a natural monophenol, found in oil of mint and of thyme. 
It has a considerable germicidal power, and possesses an agreeable odor. 
It is used in the treatment of hookworm, also in tooth pastes, mouth washes, 
etc. It is sometimes used to preserve urine. Diiododithymol (Aristol) is 
a substitute for iodoform. It is a reddish-brown, tasteless powder (see page 
642). m-Cresol is produced when thymol is heated with P20g. 

Carvacrol, like thymol, is found in essential oils of plants. It is isomeric 
with thymol, and is a powerful antiseptic. Both of these substances are 
closely related to the terpenes. Carvacrol heated with P2O5 or AlCla 
gives o-cresol. 

♦ Some idea* of the complexity in the resin field will be gained by reading Reference 19. 
The plastics industry of the United States manufactured over 500,000,000 lbs. in 1941. For 
interesting data from experimental work, see Reference number 9, page 518. 


H3C— C-Cl + ^ 
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CH, 

Hi- 


OH 

I 


CHs 


-CHs 


CHs 

I 

HC 

l\ , 

CHa\| 


OH 

I 

/\-CHs 


Thymol 


Carvacrol 


Substituted Phenols, Etc. 

Nitrophenols. Several nitrophenols have already been mentioned 
(mononitrophenols, page 502, dinitrophenol, page 449). Picric acid, 
2,4,6-trinitrophenol, is by far the most important of the nitrophenols.* 
It may be prepared by nitration of phenol in the presence of sulfuric acid 
at 100°, by the simultaneous nitration and oxidation of benzene by nitric 
acid, using mercuric nitrate as a catalyst, or by nitration of 2,4-dinitro- 
phcnol (made from chlorobenzene by nitration and hydrolysis). 


OH 

OaNr^NOj 


Picric acid 


NOj 


Due to the presence of the three nitro groups, trinitrophenol shows a 
distinctly acid character and readily forms salts. Ammonium picrate is 
used in the manufacture of explosives, however some of the metal salts of 
picric acid are dangerously explosive. The acid itself is also a powerful 
explosive. In addition to such use it functions as an antiseptic, and as a 
dye (yellow) for silk and wool. 

Picric acid is used as a reagent in a large number of chemical and bio- 
chemical tests. It is used in the treatment of burns, as an antiseptic, and 
otherwise in medicine. With many aromatic hydrocarbons, amines, and 
phenols, picric acid forms crystalline molecular compounds, often highly 
colored. Such compounds may usually be purified by recrystallization, 
and as they generally have sharp melting points, they are used in identi- 
fications. Compounds of this type may be split into their components by 
the use of ammonia or hot water. 

Aminophenols. These are formed by tlie reduction of nitrophenols or 
by the action of ammonia-zinc chloride or ammonium chloride upon the 


polyphenols : 


Vu 


+ NH8 


ZnCl2 or 


NH 4 CI, A 


H*0 + 


/\0H 


NH* 

m-Aminophenol 


♦ The acid has a very bitter taste and is named from the Greek word pikros » bitter. 
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As we have seen (page 447) p-aminoplienol is a partial reduction product of 
nitrobenzene, made by rearrangement of phenylhydroxylamine. 

Aminophenols are not soluble in alkali like other phenols, but they form 
salts with strong acids through action of the amino group, and they may be 
diazotized. These compounds are colorless solids, which upon exposure to 
air are soon oxidized to a yellow or brown color. Because of their sus- 
ceptibility to oxidation, the aminophenols are used as developers in photog- 
raphy. In this role they reduce to metallic silver the silver bromide of the 
photographic emulsion. Those portions of silver bromide which have been 
light struck are readily reduced; thus a light and dark image, the “nega- 
tive,” results from the selective action of the developing agent. 

Some aminophenol developers are amidol, metol, and rodinal. 


OH 

/\ 


II 

/ 

ixNIIs 

\ 

Cl 


OH 


\/ 

NHj 

/ \ 

II Cl 

Amidol 



OH 

/\ 


NH2 

/ \ 

H Cl 

Rodinal 


It will be noted that the groups in these compounds are para and ortho to 
each other. This again illustrates the point made several times in previous 
discussion that OH, NH2, and CH3 groups in para and ortho positions 
enhance the activity of a compound, m- Aminophenol is not easily oxidized. 

Several of the amino derivatives of phenol ethers have practical impor- 
tance, e.g., 

Phenacetin, acetyl derivative of p-aminophenetole (phenetidine). This 
is a very well known antipyretic compound. It is less toxic than acetanilide. 

O 

C2H60<^ 

Phenacetin 


> 


H II 

N— C— CH* 


It is made by an ingenious process shown below in diagrammatic form; 

NaO<(^" ^N02 


EtO<^ ^ ^ NOz EtO. 

EtBr Sn 


NH2 


Diaz 


HCl 


EtO^ 


<z>^ 


'N2CI 




“X 


Phenol 


EtO^ 


^OH 

Ethylation 




Name Formula ’ H-P-. °C. Ka 


Name Formula ’ H-P-. °C. Ka 

Phenol rnH/lH 42-3 181.4 1.30 X lO-'" 

Cresol (o) i (■H3(\H40H 30.8 190.8 4.2 X 10-' 

Cresol (m) ' 10.9 202.8 1.7 X lO"* 

Cresol (p) : 35-0 202 1.1 X lO”* 

• Chlorophenol (o) | CK ^IMUI 7 175 3.6 X 10-» 

( 'hlorophenol (m ) 28.5 214 

Chlorophenol (p) \ 41 217 2 X 10“* 

Nitrophenol (o) | N(M '0114011 44-5 214.5 6.5 X lO"* 

Nitrophenol (m) 96-7 194’<' 5.3 X lO"* 

Nitrophenol (p) ' 113-4 6.9 X 10“’ 

Picric acid i (NOjlsCeHjOll 121.8 j;xp. >300 1.6 X lO"' 

Pyrocatechol (1.2) (OH)jC.H4 104-5 240-5 3.2 X 10-»» 

Resorcinol (1,3) 110.7 276.5 6 X 10-’ 

Hydroquinone (1,4) 170.3 285^-'"’ 1.1 X lO"^'' 

Pyrogallol (1,2,3)..... (011)5C6lla 133—4 309 0.5—2 X 10 ^ 

Hydroxyhydroquinone (1 ,2,4) 140.5 

Phloroglucinol (1,3,5) 209-19 Sub. 0.8-2 X 10"’ 

a-Naphthol C.„H,011 96 278-80 1 X 10-» 

/3-Naphthol 122-3 285-6 


Dulcin is the carbamyl derivative of phenetidine. It is about two 
hundred times as sweet as cane sugar, in this way bearing resemblance to 
saccharin (page 527) and perilla aldoxime (page 763). 



OCjHb 



N— C— NH» 

H 


Dulcin 
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Phenocoll, glycyl derivative of phenetidine, is dispensed in the form of 
its hydrochloride. It is a remedy for neuralgia, headache, mild fevers. 


C2H50< 


o 

H II 

N~ C— CH 2 — NH 2 


Phenocoll 


Dihydric Phenols, Benzenediols 

The dihydric phenols (o, m, p) have special names as follows: 
o-Dihydroxybenzene, pyrocatechol, catechol, pyrocatechin. Contained 
in resins and the sap of various plants; in beech wood tar. 

OH 

^OH 

Bcnzene-l,2-diol 

V 


m-Dihydroxybenzene, resorcinol, resorcin. Obtained by heating asa- 
foetida and other resins with potassium hydroxide. 


OH 



Benzene- 1,3-diol 


p-Dihydroxybenzene, hydroquinone, quinol. From arbutin, a glucoside 
(page 736). 

OH 

Benzene-1, 4-diol 



Methods of Preparation of Dihydric Phenols 

Pyrocatechol, o-dihydroxy benzene, results from a modification of reaction 
(1) given for the monophenols (page 495), that is when o-phenolsulfonic 
acid salt is heated with potassium hydroxide: 



A 

+ KOH K2SO3 + 


Pyrocatechol 


However, it is usually made from a natural product, guaiacol, found in 
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beechwood tar. This substance, which is both an ether and a phenol, 
reverts to catechol when heated with hydriodic acid : 

r^OCHs A r^OH 

+ HI -> CH3I + 

Guaiacol Pyrocatechol 

Adrenaline (page 741) is an important derivative of pyrocatechol. 

Resorcinol^ 7^i-dihydroxybenzene, is commonly made from m-benzene- 
disulfonic acid salt by fusion with alkali. It is a curious fact that resorcinol 
also results when p-benzenedisulfonic acid is fused with sodium hydroxide. 
Moreover, certain other para and ortho derivatives of benzene, when fused 
with alkali, react to give 7/i-dihydroxybenzene. As we have so far tacitly 
assumed that in all replacement reactions the entering groups take the same 
positions as those groups being eliminated, it is important that this excep- 
tion to the general rule should be well noted. Evidently the w-dihydroxy 
compound is more stable than its para and ortho isomers, and when these 
compounds are first formed by simple replacement reactions, they undergo 
a rearrangement to the more stable configuration. (Sec also p-phenol- 
sulfonic acid, p. 502.) 

’ Rydroquinone is a reduction product of quinone (page 560) prepared by 
reducing the latter in water solution with sulfur dioxide. 

Reactions of Diiiyduic Phenols 

The para and ortho diphenols are alike in their sensitiveness to oxidation, 
which makes them effective reducing agents. Pyrocatechol in alkaline 
solution absorbs atmospheric oxygen. Likewise it readily precipitates 
metallic silver or platinum from solutions of their salts, hence its use in 
photography as a developer. Hydroquinone is an even better developer. 
Hydroquinone belongs to the group of substances known as antioxidants. 
Small amounts of such substances added to reactive compounds delay and 
prevent auto-oxidation or polymerization reactions. 

Resorcinol is not as good a reducing agent as the para and ortho diphenols. 
Its chief use is for the production of dyes. The hydrogen marked (X) in the 
formula, which is para to one OH group and ortho to the other, is especially 
active (note activity of para hydrogen of dimethylaniline, page 472, and of 
aniline, page 460). Dyes are readily formed with phthalic anhydride by 
removal of this hydrogen atom with oxygen of the anhydride (as water). 
The formula for one of these will be found on page 689. Resorcinol has 
application in medicine as an antipyretic and antiseptic. Hexylresorcinol 
(“ CaprokoP’) is used as a urinary antiseptic. It is about 45 times as effec- 
tive an antiseptic as phenol. This compound is found in the antiseptic 
marketed as S.T. 37. While not entirely satisfactory as a urinary or local 
antiseptic, it is used effectively against hookworm. 
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OH 



Hexylresorci nol 


Resorcinol is a valuable reagent in a number of chemical tests. It is sweet„ 


Color Reactions with Ferric Chloride 

Practically all hydroxy compounds react with a solution of ferric 
chloride to give colored solutions, the colors produced in the case of the 
phenols being quite intense. The dihydric phenols act as follows: 

Pyrocatechol with ferric chloride gives a green solution. 

Resorcinol gives a violet solution. 

Hydroquinone acts as a reducing agent and is partially oxidized to 
quinone. A green colored addition-product of quinone and hydroquinone, 
called quinhydrone, is precipitated (page 565). 

Trihydric Phenols, Benzenetriols 

Within this series of isomers the most important compound is pyrogallol 
or pyrogallic acid, 1,2,3-trihydroxybenzene. This may be had from gallic 
acid, a constituent of gall-nuts, acorns, etc., by the application of heat: 



OH OH 


Gallic acid Pyrogallol 

Pyrogallol is oxidized with extreme ease; it is a photographic developer. 
An alkaline solution quickly absorbs oxygen from a mixture of gases; this 
property is utilized in gas analysis to determine the oxygen content of a 
mixture. Ferric chloride gives a red color with a solution of pyrogallol. 

Phloroglucinoli 1,3,5-trihydroxybenzene is a constituent of various 
glucosides, notably phloridzin. Resorcinol when fused with sodium 
hydroxide in the presence of oxygen (air) yields phloroglucinol: 

OH OH 



Phloroglucinol 


Like pyrogallol this compound is easily oxidized, and its alkaline solutions 
absorb oxygen. Ferric chloride gives a dark violet solution with phloro- 
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glucinol. The compound has a sweetish taste (Greek word for sweet = 
glykos). 

When it is treated with an acid halide (anhydride) phloroglucinol forms 
a triacyl derivative as would be expected: 


OH 

/N 


na 




OH 


+ SCIIsC—Cl 


3IIC1 + 


CHgGOOl 


OCOCH 3 


bCOCH, 




However, we find that hydroxylamine will also react with phloroglucinol to 
yield a trioxime. This clearly indicates the presence of three keto groups 
in the molecule. We are thus led to the conclusion that phloroglucinol 
possesses both a ketone and an alcohol (phenol) structure. 


on 


o 


HO- 



^ 1 

f X 


1— OH 0=J 



-o 


H 2 


This is another example of tautomerism of the keto-enol type, already dis- 
cussed with certain aliphatic compounds (page 453). Resorcinol has been 
shown to act in a similar way. 


Naphthol.8 

The monohydric compounds derived from naphthalene, called naphthols, 
have considerable importance due to their use in dye manufacture. Two 
mononaphthols are possible, i.e., 


OH 

/%/\ 


a-Naphthol 


\A/ 

/3-Naphthol 


They are prepared by methods (1) and (2) applied in the benzene series 
(page 495). a-Naphthol is practically insoluble in water, soluble in alcohol 
and ether. Its odor is like that of phenol. Ferric chloride yields a white 
precipitate with a-naphthol. jS-Naphthol is soluble in hot water. With 
ferric chloride a white opalescence is obtained. 

The naphthols behave like the polyphenols when treated with ammonia 
and zinc chloride; NH 2 is exchanged for OH: 
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OH 

ZnCls 

+ NH3-^ 

w 


NH* 

/X/\ 


H20 + 


a-Naphthylamine 


A more important method is that of Biicherer. Here the naphthol is 
treated with ammonium sulfite and ammonia at 150-180° under pressure. 
The yield is excellent. The reverse substitution of OH for NH 2 can be 
carried out by treatment of the naphthylamine with a water solution of 
sodium bisulfite. 

The reactions of naphthols with ammonia, with hydrogen chloride, or 
phosphorus pentachloride proceed more readily than the corresponding 
reactions with phenols. 

The amino and sulfonic derivatives of the naphthols used in dye making 
are illustrated by several examples on pages 675, 676. 

REVIEW QUESTIONS 

1. Write graphic formulas for the following compounds, (a) I)i-o-tolyl ether; (b) Methyl-p- 

tolylcarbinol; (c) m-Nitrobenzyl alcohol; (d) 2,5-Dichlorophenol; (e) (^arvacrol. 

2 . Outline and contrast the methods of preparation of benzyl alcohol and of phenol. 

3. Cite three reactions for benzyl alcohol and three for phenol, which are similar in type. 

4. Write equation for the preparation of potassium phenoxide and show one of its uses by 

means of another equation. 

5. Write equations for the production of the following from phenol: (a) Phenyl propyl ether; 

(b) Diphenyl ether; (c) Phenyl propionate; (d) Benzene; (e) Chlorobenzene; (f) Aniline. 
C. Outline by the use of equations the methods of preparing salicylic acid from phenol. 

7. How may benzenesulfonic acid be synthesized from phenol.^ 

8. Show methods of preparation of o-, w-, and p-dihydroxy benzenes. 

9. Give the practical uses of five phenol derivatives, with equations for the synthesis of each 

compound. 

10. How could the following compounds be distinguished from each other: (a) C 6 H 6 CH 2 OH 

and C6H4CH3(0H) ? (b) Aniline and phenol ? 

11. How could one separate a mixture of phenol, aniline, nitrobenzene, and benzene, securing 

each of these in pure condition.^ 

12. How may an organic acid be separated from phenol? 

13. Show how phenol may be made from: (a) Benzene; (b) Benzenesulfonic acid; (c) Aniline. 

14. Which is more acidic, o-cresol or benzyl alcohol, its isomer? How would you prove the 

point ? 

15. Explain the fact that phloroglucinol possesses reactions of both ketone and alcohol 

character. 

16. Give two syntheses for anisole, beginning with nitrobenzene, and with salicylic acid. 

17. Discuss and show by equations the “multiplication” of p-nitrophenol in the making of 

phenacetin. 

18. Show a method not given in this chapter for making dulcin from phenetidine. 

19. In a laboratory synthesis of phenol the product was obtained in the final step in an alkaline 

solution which was extracted with ether. The yield was very low. Was anything 
overlooked? 

20. Make a list of the rearrangements which have been presented in this chapter. 

21. Explain the importance of the Bucherer reaction in the preparation of ^e^a-naphthylamine* 
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22. A teacher of organic chemistry has on hand ample supplies of the following materials: 

water, alcohol, ether, benzene, hydrochloric acid, nitric acid, sulfuric acid, acetic acid, 
sodium hydroxide, sodium nitrite, tin, phosphorus pentachloride, aluminum chloride. 
What aromatic preparations can he assign for the laboratory.?^ (Confine your list to 
preparations mentioned in this and preceding chapters.) 

23. What compound would, after short treatment with hot NaOH solution, yield p-chloro- 

benzyl alcohol? 

24. Cite facts which show that reactions which involve high temperature treatment with 

alkali should not be used to determine the position of substituting groups on a benzene 
ring. 

25. Show by equations the behavior of the following reagents with phenol: (a) NaOII solution; 

(b) Sulfuric acid; (c) Bromine; (d) PCI3. 

20. Tell how to separate: jjhenol from nitrobenzene; phenol from aniline; phenol from benzoic 
acid; water from phenol. 

27. List medical uses of all suitable compounds mentioned in this chapter. 

28. Illustrate by means of equations the following reactions of cinnamyl alcohol, (a) Esteri- 

fication; (b) Formation of a saturated alcohol; (c) Oxidation (show two types); (d) 
Addition; (e) Salt formation. 

29. Outline the necessary conditions and chemicals for the following conversions, (a) Ben- 

zene to triphenylcarbinol; (b) Toluene to p-cresol; (c) Benzene to phloroglucinol; (d) 
Benzene to p-nitrobenzaldohyde; (e) Naphthalene to a-naphthylarnine. 

30. Write graphic formulas for the compounds which would be formed in the treatment of: 

(a) Sodium w-toluenesulfonate with solid NaOH (fusion); (b) Thymol with P 2 O 6 ; (c) 
The product of (b) with a strong oxidizing agent; (d) Sodium benzenesulfonatc with 
KCN (fusion); (e) The product of (d) with a hot solution of NaOH; (f) The product of 
(e) with CHsI. 

81. Complete the following equations. 

(a) p-Cresol Na 

NaOH 

(b) CelLOH + CHal ► 

(c) m-Cresol + acetic anhydride — > 

(d) CeHfiOH + CeHeNCO 

A 

(e) CellfcOCHs + HI -> 

220" HCl 

(f) CeHeOK 4* CO 2 > X > 

(g) CeHfiOH + CCI4 + KOH 

82. What tests would enable one to distinguish the following compounds from each other? 

(a) o-Cresol, benzoic acid, n-octyl alcohol; 

(b) Resorcinol, naphthalene, diphenylamine; 

(c) Benzyl alcohol, o-toluidine, anisole. 

83. A certain natural organic compound contains 75% C, 6.82% 11, and 18.18% O. If it is 

heated with dilute alkali for a time, reaction takes place. Acidification of the mixture 
allows the isolation of two compounds, (A) and (B). (A) is acidic. It contains 40.0% 

C, 6.67% H, and 53.32% O. A 0,20 g. sample requires 37.03 cc. of 0.09 N NaOH solu- 
tion for its neutralization. Compound (B) contains 80.6 % C, 7.46 % H, and 11.94 % O. 
Mild oxidation yields the compound (C) which forms a bisulfite compound and which 
may be reduced to a compound (D) containing 79.41 % C. Vigorous oxidation of (B) 
yields the acid (E), m.p., 121+ ®C. This contains 68.84% C, 4.92% H, and 26.22% O. 
ltd sodium salt contains 15.97 % Na. Explain the chemistry dbcussed here and give 
the structure of the original compound. 
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34. An organic compound (A) of empirical formula C 2 H 2 O has the following properties: it 
reacts with hydroxylamine to form an oxime (m.p., 155°; exp.); with ferric chloride 
solution it gives a violet color; one mole of (A) reacts with three moles of acetic anhydride 
to give a new compound and three moles of acetic acid. Attempt to prove the struc- 
ture of (A). Is any further information needed? If so, outline definitely any neces- 
sary additional facts. 
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CHAPTER XXVII 


AROMATIC ACIDS 

In the aromatic acids we find one or more of the carboxyl groups charac- 
teristic of organic acids in general, either as part of a side-chain, or directly 
attached to an aromatic nucleus, such as benzene, naphthalene, etc. 

Examples : 



Phenylacetic acid, Benaoic acid, 

Phcnylethanoic acid Benzenecarboxylic acid, 

Phenylformic acid 

A compound like phenylacetic acid is essentially aliphatic in nature, but 
because one of its alkyl hydrogens has been substituted by a benzene ring, 
we think of it as an aromatic compound. This is natural, since the substi- 
tuted benzene ring has a molecular weight greater than that of the acetic 
acid itself, and because nuclear derivatives may readily be formed from 
such a compound. Mono- and dicarboxylic acids of the type of benzoic acid 
are the most important of the series of aromatic acids. 

Monocarboxylic Acids 

Physical Properties. Benzoic acid is a colorless solid, sparingly soluble 
in cold water, but sufficiently soluble in hot water to allow its crystalliza- 
tion from a water solution. It is freely soluble in alcohol and ether. Ben- 
zoic acid is volatile in steam, also it sublimes at 100°, a temperature some 
20° below its melting point. The vapor is irritating, and causes coughing 
and sneezing. Many of the salts of benzoic acid are quite soluble in water. 
The sodium salt has an antiseptic action and in the past has been much used 
in preserving foods. It is used in the treatment of gout, rheumatism, 
influenza. Other aromatic monocarboxylic acids are crystalline solids, with 
properties much like those of benzoic acid. 

Preparation. Benzoic acid occurs in the free state in several resins, 
notably gum benzoin, and may be separated from the other material by 
sublimation. Derivatives of this acid are found in Tolu and Peru balsams. 
Other acids of this series also have natural sources. A large number of 
methods are known by which these acids may be synthesized. Several of the 
methods are new, while the majority have already been presented in other 
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chapters. These latter are again listed for the benefit of reviewing the basic 
chemistry they represent. 

(1) Acids from the oxidation of hydrocarbons. While we do not find it 
practical to prepare acetic acid by oxidizing ethane, a somewhat analogous 
reaction is quite feasible in the aromatic scries. Thus, the oxidation of 
toluene yields benzoic acid (for equation, see page 413). The oxidation pro- 
ceeds more readily when the side-chain has been substituted. Benzyl 
chloride, C6H5CH2CI, benzyl alcohol, C6H6CH2OII, or benzaldehyde, CeHs- 
CHO, may thus be used instead of toluene. The oxidation of the two latter 
substances to benzoic acid is seen to tally the oxidation of ethyl alcohol or 
acetaldehyde to acetic acid. 

It is important to remember that any alkyl side-chain upon oxidation 
yields the carboxyl group. This applies to both saturated and unsaturated 
chains. Benzoic acid would then be formed from the oxidation of any 
suitable alcohol, aldehyde, ketone, or phenyl fatty acid.* When two or 
more side-chains are present, one alone may be oxidized to give an alkyl- 
substituted acid, as shown below. 

(2) An important commercial method for preparation of benzoic acid 

involves the decarboxylation of phthalic acid. This is accomplished by 
])assing steam and phthalic anhydride (page 534) heated to 275-300° over a 
copper catalyst. Some of the resulting phthalic acid decomposes to lose 
carbon dioxide. 


(^COOH A 

+ 

k^COOII CUSO4 


\/ 


(3) Preparation through hydrolysis of benzene derivatives. Benzoic 
acid and other aromatic acids result from the hydrolysis of their nitriles : 
CcHbCN + 2H2O NH3 + C6H5COOH 

Phenyl cyanide or Benzoic 

Benzonitrile acid 


The nitrile may be made by the Sandmeyer reaction (page 483) or from the 
corresponding sulfonic acid (page 440); thus, through the above reaction, 
we are enabled to prepare a carboxylic acid from any aromatic hydrocarbon, 
sulfonic acid, nitro compound, or primary amine. 

Example: Toluic acid from o-Toluidine: 


/\/ 


CHs 


Sandmeyer 



NH2 B,eaction 

o-Toluidine o-Tolu- 

nitrile 


CH3 


N 


H2O 


/\/ 


CHs 


-C— OH 


o-Toluic acid, 
2-Methylbenzene- 
carboxylic acid 

‘ A very few exceptions to this general statement have been found. 
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Toluic adds may also be made by the partial oxidation of the corresponding xylenes, 
p-xylene oxidized with dilute nitric acid yields p-toluic acid: 


CH» 

\/ 

CHa 


CHa 



C— OH 


p-Xylene p-Toluic acid 


Thus, 


Benzoic acid may be made on the large scale by the hydrolysis of benzylidyne 
chloride : 

C6ll5(X:i3 + 2 II 2 O 3IIC1 + CcHftCOOH 


This hydrolysis is accomplished by the use of calcium hydroxide, which 
produces the calcium salt of benzoic acid. Upon addition of a mineral acid, 
benzoic acid is precipitated from the solution. 

Esters, amides, and acid halides of aromatic acids liberate the free acid 
when they are subjected to hydrolysis. In this respect, they react precisely 
like aliphatic esters and amides, etc. 

(4) We have seen that a sulfonic acid may be transformed to a carboxylic 
acid by first making the nitrile from it. The direct change from SO3H to 
CO2H is brought about by the use of sodium formate (Victor Meyer method, 
page 440). 

(5) The Friedcl and Crafts reaction allows the formation of a carboxylic 
acid from a hydrocarbon and phosgene, using aluminum chloride as a 
catalyst: 

O 

II AlCU 

Celle + Cl— C— Cl >HCI + CeHeCOCl 

The acid chloride produced in this step yields its acid when hydrolyzed : 

CeHeCOCl + H2O HCl + CellsCOaH 

As shown on page 578, this reaction may also produce diphenyl ketone. 

(6) An aromatic Grignard reagent forms a carboxylic acid when acted 
upon by carbon dioxide: 

O 



The Grignard reaction is taken up in detail on page 569, ff. 
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(7) In the Cannizzaro reaction an aldehyde is oxidized to its corre- 
sponding acid (see page 491). 

Reactions of Monocarboxylic Acids 

The following summary of the reactions of the aromatic acids includes 
examples which are familiar from our study of the aliphatic seric^s. This 
was to be expected, as we know that type groups preserve their individuality 
so far as possible. Whatever differences exist between aliphatic and 
aromatic acids are due to the influence of the aromatic ring, and the groups 
substituted upon it. For example, the table on page 540 shows that 
aromatic acids are stronger than those of the aliphatic series; their dissocia- 
tion constants are affected by the nature and position of the groups on the 
ring. 

(1) Loss of carbon dioxide; passage from acid to hydrocarbon. When 
its dry sodium salt is heated with excess of a strong base an aromatic acid 
loses carbon dioxide, producing an aromatic hydrocarbon : 

Heat 

CeH^COONa + NaOH ^ NasCOs + CeHe 

This is analogous to the reaction by w^hich methane is prepared from sodium 
acetate. The presence of a substituting group may aid in the decomposi- 
tion (see salicylic acid, page 528). 

(2) Add derivatives. The acid chloride, amide, anhydride, and esters 
are formed in the same way as with any aliphatic acid. The following 
equations illustrate the formation of these derivatives from benzoic acid. 

(a) Acid chloride, 

CeHsCOOH + PCI5 POCI3 + HCl + CellsCOCl 

Benzoyl chloride 

Benzoyl chloride, whose formation is shown here, may also be made by 
special methods, as follows: 

By Friedel and Crafts reaction (see equation, page 522). 

By the action of chlorine upon benzaldehyde in the absence of catalysts 
(this is the commercial method) : 

CsHbCHO + CI 2 ^ HCl + CeHsCOCl Benzoyl chloride 

Benzoyl chloride may be taken as typical of aromatic acid chlorides. 
It is a liquid with an irritating, disagreeable odor, and is lacrymatory. The 
compound may be used as are aliphatic acid halides, to form any of the 
derivatives (esters, amides, etc.) which pertain to benzoic acid. 

Benzoyl chloride is employed to ascertain the presence of OH or NH 2 
groups in organic compounds. The derivatives formed in such instances 
are often solids capable of crystallization, while the use of acetyl chloride 
might yield liquids. As solids are more easily purified than liquids, and as 
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melting points are generally obtained with greater accuracy than are boiling 
points, one can see the advantages possessed by benzoyl chloride. To 
these must be added the fact that in its reactions it is apt to be a less violent 
reagent than acetyl chloride. 

In esterification with benzoyl chloride the Schotten-Baumann method is 
generally employed. In using this method the alcoholic compound is 
treated with successive small portions of benzoyl chloride and ten per cent 
potassium hydroxide solution, or the reaction is carried out in pyridine 
solution. The alkali serves to hasten the reaction, and to neutralize the 
hydrochloric acid as it is formed; at the close of the reaction any excess acid 
chloride is decomposed and neutralized by the alkaline solution. 

(b) Amide. 

C 6 n 5 (:o(;i + 211NH2 NH4C1 + cau : onu 2 

Benzamide 

In the laboratory, benzamide is conveniently made from benzoyl chloride 
and ammonia water, or ammonium carbonate. 

With benzamide we have another illustration of the tautomerism of 
amides, mentioned on page 229. Benzamide forms a silver salt which, 
when acted upon by ethyl iodide, yields its ethyl ester. This appears to 
have the structure shown at (2), since its hydrolysis giv^es benzoic acid, 
alcohol, and ammonia. The sodium salt of benzamide gives with ethyl 
iodide a compound having structure (1). This is shown by its hydrolysis, 
which gives benzoic acid and ethylamine. 

n H OC2H5 

/ 

CoHsC-N (1) CeHsC^NII (2) 

\ 

CsHs 

N-cster 0-ester 

(c) Anilide. 

A 

CelleCOOH + CeHaNHj II 2 O + C 6 H 5 CONHC 6 H 5 

Benzanilide 

In addition to its preparation from benzoic acid, this compound results from 
benzophenone oxime through the Beckmann reaction (page 558) 

(d) Esters. 

HCl 

C 6 H 5 COOH + EtOH ^ H 2 O + CeHsCOOEt 

Ethyl 

benzoate 

P2O6 

CeHfiCOOH -f CeH,OH ^ 2 HPO 3 + CeHsCOOCeHg 

Phenyl 

benzoate 
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Esters may be made from benzoic acid by refluxing a mixture of the acid and 
alcohol, the mixture being first saturated with hydrogen chloride. The 
Schotten -Baumann reaction is also available. Ethyl benzoate has a char- 
acteristic odor, and is used in perfumes and flavors. Other alkyl esters 
have pleasant odors. 

(e) Acid anhydride, 

O 0 0 

II II I' 

C6H5COCI + NaOCCcHs NaCl + CeH^CV-O— CCoHs 

Benzoic anhydride 

It goes without saying that any of these acid derivatives (amide, ester, 
anilide) might have been prepared cither from benzoyl chloride or benzoic 
anhydride instead of from benzoic acid. (For use of benzoyl chloride in 
synthesis of acid chlorides, see page 188.) 

(f) Benzoyl Peroxide, This compound is obtained by action of benzoyl 
chloride upon sodium peroxide: 


SCsHsCOCl + NajOa 2NaCl + Celle—C—C^—O—C— Cells 

The compound is fairly stable, but useful as an oxidizing agent (disinfectant). 
It is employed to bleach flour. By action of sodium ethoxide upon benzoyl 
peroxide, the sodium salt of perbenzoic acid is obtained: 


(C6HbCO) 202 + NaOEt CellBCOsEt + CeHsC— O— O— Na 

Free perbenzoic acid may be made from this salt. The acid is a good 
oxidizing agent. 

Substitution Products of Benzoic Acid 

The acid derivatives of benzoic acid are like those of fatty acids, both in 
mode of formation, and in their general reactions. In the case of the sub- 
stituted acids, whatever differences we find between the two series are 
caused by the benzene ring. The possibility of position isomerism is intro- 
duced in the aromatic substituted acids; likewise, as has been said, they are 
stronger acids than the fatty acids, by virtue of the presence of the phenyl 
group. In both groups, acid derivatives and substituted acids, are found 
compounds of considerable importance. 

Nitrobenzoic Acids. Direct nitration of benzoic acid yields m-nitro- 
benzoic acid: 
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/ 'iC— OH 


/\c^H 


+ HNO, ^ H 2 O + 


NO 2 

m-Nitrobeuzoic acid 


The ortho- and 7 >amnitrobenzoic acids are conveniently made from o- and 
p-nitrotoluene by oxidation of the alkyl side-chain : 


0 »L /V-OIl 




3 

'NO 2 ■ 


NO, 


o-Nitrobcnzoic acid 


Aminobenzoic Acids. By reduction of the nitrobenzoic acids, the 
arainobenzoic acids are obtained: 

coon COOH 

/ Redn / 

06114 (o) ► C 6 H 4 (o) Anthranilic acid, 

\ \ o-Amiiiobenzoic acid 

NO2 NH2 

Anthranilic acid may also be had from phthalimide as shown on page 537. 
Esters of this acid are useful in perfumes, and the acid itself is employed in 
the synthesis of indigo (page 694). 

Esters of p-aminobenzoic acid, listed in Chapter XXXV, have local 
anesthetic action. The acid itself is a vitamin (page 751). 

Sulfobenzoic Acids. The meta derivative is obtained by direct sulfona- 
tion: 


C- OH 






+ IlaSOi II 2 O + 


V 




C-»OH 


'SO3H 


m-Sulfobenzoic acid 


The para and ortho acids are made by the oxidation of p- and o-toluenesiil- 
fonic .acids : 

CH3 COOH 

/ Oxid / 

C 6 H 4 ( 0 ) > C 6 H 4 ( 0 ) o-Sulfobenzoic acid ' 

\o3H \o3H 

The amide of o-sulfobenzoic acid has considerable commercial interest; it 
is able to form an internal amide (imide) shared between the sulfonic and 
carboxyl groups: 
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// 


O 


/\c~OH A 


c 

/\/ \ 




SO2NH2 


H,0 + 


NH 


/ 
S 
O 2 


Saccharin 


The compound which results, saccharin, is used as a sweetening agent, being 
many hundreds of times as sweet as cane sugar. Saccharin has no nutritive 
value and hence it may be used by diabetics, from whose dietary sugar has 
been removed. The sodium salt, which is much more soluble than saccharin, 
is often used in its place. Dulcin (page 511) is another compound, which 
like saccharin is many times sweeter than sugar. See also perilla oxime, 
page 763. 


I^CHa H2SO4 or 
CISO3II 


/\CH 


PCh 






'SOall 




CHa 
SO 2 CI 


NUa 


r'^-CIIa 


Oxid 




-SOaNHa 


^C—OH 




'SOaNH 
Hi 


Saccharin 





\/\ / 


s 

Oa 


o«SuIfobenzoIc 

anhydride 


The anhydride of o-siilfobenzoic acid has reactions somewhat like those of 
phthalic anhydride, by which dye compounds are formed. Formulas are 
shown on page 690. 

Halogenated Benzoic Acids. The meta derivative results from direct 
halogenation : 



HC1 + 




\/ 

Cl 


w-Chlorobenzoic acid 


The para and ortho derivatives may, as usual, be obtained from oxidation of 
toluene compounds: 


CeH 


CHa 

/ 



COOH 

Oxid / 

(p) > C6H4 

\ 

Cl 


ip) 2 »-Chlorobeiizoic acid 
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They are also obtained from the aminobenzoic acids through the diazotiza- 
tion reaction. 

Hydroxybenzoic Acids. Of these the ortho acid leads in importance. 
o-Hydroxy ben zoic acid (Salicylic acid) is obtained by heating sodium 
phenoxide with carbon dioxide under pressure. Sodium phenyl carbonate, 
the product of this reaction, rearranges into salicylic acid (salt). The 
equations will be found on page 500. Salicylic acid may also be made by a 
modification of the Reimer-Tiemann reaction (see Phenols, page 501). 

Salicylic acid is a natural product found in fair amount in oil of winter- 
green as methyl salicylate, also in other natural sources. It is a colorless 
solid whose solubility in water, etc., is like that of benzoic acid. When 
slowly distilled, salicylic acid partially decomposes, yielding carbon dioxide 
and phenol;* the })rcsence of the Oil group favors a more ready loss of 
carbon dioxide than is the case with benzoic acid, distillation with lime being 
necessary for this decomposition. Phenolic properties are also shown by 
the formation of a violet solution when salicylic acid is treated with ferric 
chloride reagent (sec page 499). Salicylic acid is odorless, and it has 
powerful antise])tic properties. This leads to its substitution for phenol in 
certain instances. The acid and its salts have been used in the preservation 
of foods and in medicine. (See below.) 


Dbuuvatives of Salicylic Acid 


Aspirin is acelylsalicylic acid. Like phenol, salicylic acid reacts with 
acetyl chloride or acetic anhydride. The derivative is a colorless solid. 

/Non i^OCOCHs 




ICOOH 


+ (cn 3 C' 0)20 ^ CH 3 C 0011 + 


coon 


Aspirin 


Aspirin is used as an antipyretic, for headache, sore throat, neuralgia, f 
Salol (phenyl salicylate) is used as an internal antiseptic. 

/\OH /\ 




\/cA)Na \/ 


ONa 


+ POCI3 3NaCl + NaPOs 


/\OH 


+ 2^ 


<0 


\/C— OCeHs 

Salol 


Salol is fairly stable to acid and is not hydrolyzed in the stomach. In 
the intestine hydrolysis takes place, liberating the two antiseptics, phenol 
and salicylic acid, so slowly that they cannot show toxic action. When a 
toxic substance is esterified as with salol and subsequently released by 

* Salol and xanthone are also produced. 

t Over 6,000,000 pounds of aspirin were sold in this country in 1940. 
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hydrolysis, we have an example of the “salol principle.’’ Both components 
may be active as with salol, or only one as with methyl salicylate. Salol 
can be used to coat pills which are to pass the stomach unchanged. 

Methyl salicylate is the chief constituent of oil of wintergreen ; it is used 
in medicine for rheumatism, and as an antiseptic. A more general use is 
flavoring purposes. It may be synthesized as follows: 


/\on 




\/c-ou 


O + MeOH 


H2O + 


^OH 

X/C-OMe 


Methyl salicylate 


Tsobutyl and isoamyl salicylates are used in perfumes and soaps to impart 
the odor of red clover. 

Additional Data. AVlum j>otassiuni plienoxide is heated to 150° in carbon 
dioxide, salicylic acid (salt) is formed, but at 220° the same reagents pnxiuce 
p-hydroxybenzoic acid. Likewise, potassium salicylate heated to 220° 
will rearraiige to p-hydroxy benzoic acid. This acid is unlike salicylic acid 
in that it is non-volatile in steam, and gives a yellow precipitate with ferric 
chloride. Distillation yields carbon dioxide and ])henol. Neither this 
acid nor the m-hydroxybenzoic acid has the antiseptic properties of salicylic 
acid. 


Otiikk llyuKoxY Acids 


Gallic acid, 0(112(011)300011 (3, 4, 5, 1) is an important polyhydroxy 
derivative of benzoic acid. This is found in many plants, in tea, walnuts, 
gall-nuts, and other sources. It is formed when tannin is treated with 
dilute acid. Heated, it loses carbon dioxide and yields pyrogallol. Ferric 
chloride gives a dark blue coloration and precipitate. 

Digallic acid, C14II10O5,, a constituent of tannin, may be made from 
gallic acid by a series of steps which involv^e (1) protection of the hydroxyl 
groups of gallic acid and formation of the acid chloride, (2) protection of 
certain hydroxyl groups on the molecules to be esterified, (3) esterification, 
followed by hydrolysis to remove the protecting groups. 


AcO 


AcO<^ )>C 
AcO 

Step (1) 


/ 

\ 


o 


Cl 


HO 


0 =c~O— / 

Step (2) 


O- -<( )>C02lI 



HO HO 

wi-Digallic acid 


This substance belongs to the class called depsides which are esters formed 
between molecules of phenolic acids. It is a didepside. 
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Protocatechuic acid, like gallic acid, is a decomposition product of 
tannins, obtained from them as well as from various resins, such as asafoe- 
tida and myrrh, by fusion with potassium hydroxide. This acid when 
heated, loses carbon dioxide and ])asscs to pyroeateehoL With ferric 
chloride, a green color is secured; ferrous salts give a violet color. 


c— on 




\/ 

OH 


Oil 


lVoioeal(‘ehuic 

acid 


Tannins, or laiiuie acids, are substances commercially obtained from 
gall-nuts, hemlock or oak bark, or sumach, and from various other plants and 
trees, and applied to the tanning of leather,* the mordanting of dyes and 


Taule 88. — Puysu’AE (‘onstants of Akomatic’ Acids 


Name 

Formula 

Benzoic 

(\,Tl 5 (’() 2 n 

ClUCJiiidM 



IKK 0H4CO2H 

Toluic (o) 

Toluic (w) 

Toluic (p) 

Aminobenzoic (o) 

Aminobenzoic (rri) 

Aminobenzoic {p) 

llydroxybenzoic (o) 

Hydroxybenzoic {m ) ... 

llydroxybenzoic (p) 


(^hlorobenzoic (o) 

('ICJlK'OaTl 

Chlorobenzoic (t?;) 

Chlorobenzoic (p) 


Nitrobenzoic (o) 

NOaC cH 4 CO,Ii 

Nitrobenzoic (rw) 

Nitrobenzoic (p) 


Phthalic (o) 


Phlhalic (m) 

Phthalic (p) 


a-Naphthoic 

C J0H7CO2H 

/ 3 -Naphthoic 

1,8-Naphthali<* 

TioIIeCC ’(>211)2 



M.p., 

B.p., 

Ethyl 

ester, 

B.p., 

Amide, 

M.p., 

K2I .7 

249 . 2 

211 2 

180 

104 5 

259 


147 

llO-I 

268 


97 

179-80 

27 t r, 

285.5 

165 

144 .7 

Sub. 

266-8 

108 

178 4 


294 

78-9 

187-8 


182.9 

1.79 

Sulv 76 

288-4 

140 

201 



170.5 

214. ,7 i 



162 

141-2 



142.4 

158 



184.5 

242-8 

Sub. 


178.3 

147.5 


149'« 

176.6 

140-1 


298 ± 

142-8 

240-2 

Sub. 

200 

206 8 

l>ec. >191 

298-9 

219-20 dc 

847 8 

. Sub. 

802 


Sub. >800 


802 


160 1 


202 

184 

>800 


192 

270 





* Reaction of formaldehyde with aromatic phenols, sulfonic acids, or mixed derivatives 
yields compounds which have been applied to the tanning of leather under the trade name of 
Syntans. 
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the manufacture of writing ink. Tannins are water-soluble and possess an 
acid, astringent taste. 

The reaction of tannins with gelatin, by wliich an insoluble mass is 
formed, is the basis of the process of converting hides to leather.* Certain 
tannins give blue-black solutions with ferric chloride. If such a substance 
mixed with a ferrous salt is used in a writing ink, the oxidation of the ferrous 
salt to lerric will cause the writing to assume a dark color on the paper. An 
ink of this type may be reduced and rendered colorless by treatment with 
oxalic acid. Inks made from organic dye compounds do not usually suffer 
reduction by oxalic acid, but they arc usually decolorized by a solution of 
sodium hypochlorite. 

Tannins are substances of high molecular weight and apparently they 
possess structures of considerable comjffexiiy. In their decomposition by 
heat or hydrolysis, they yield, aeconling to ilie conditions observed, gallic 
acid, pyrogallol, i)yrocatechol, phloroglucinol, and other less familiar com- 
I)ounds. Certain of the tannins which yield glucose upon their hydrolysis 
a[)pear to be esters of gallic acid or of digallic acid with the sugar. 

In the study of such compounds Emil Fischer has prepared the penta- 
digalloyl ester of glucose, a compound whose moh^cular formula is 0761152046. 
This compound bears a close resemblance to natural CJiinese tannin. 
Tliough the molecular weight is well over 1500 its structure is definitely 
known. In a continuation of this work Fischer pn'pared a giant molecule, 
again of known structure, whose molecular weight was 4021 and whose 
formula was C22oHi42N40n8T2. Syntheses siich as these give an indication 
of what success organic chemists may expect in their efforts to duplicate the 
more complex natural organic compounds. 

Substituted Aliphatic Actds 

Phenylacetic acid, C6H5CH2COOII, which is an isomer of the toluic acids, 
is a good example of a saturated phenyl fatty acid. It may be formed by the 
hydrolysis of benzyl cyanide: 


C6H5CH2CN + £1120 -> NII3 + C6II5CH2COOH 


Its reactions resemble those of acetic acid. Upon oxidation, it reverts to 
benzoic acid. The toluic acids, on the contrary, arc oxidized to benzene 
dicarboxylic acids (page 533). The esters of phenylacetic acid, and the 
acid as well, are used in perfumes; the acid is used in medicine as an 
antiseptic. 

Cinnamic acid, whose synthesis from benzaldehyde is shown on page 551, 
is found in nature in oil of cinnamon and in Peru and Tolu balsams. This 
substance acts both as an acid and as an unsaturated compound, i.e., it 

* A weak solution of tannic acid was formerly used in the treatment of burns because of this 
hardening action. 
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forms an acid chloride, esters, etc., also it adds such reagents as bromine^ 
hydrogen chloride, etc., at the double bond. 

As cinnamic acid has a double bond it can exist in two forms (page 59). 
The ordinary form is trans (m.p., 133°). The cis acid, allocinnamic acid, 
occurs in three forms, of m.p., 42, 58, 68° respectively. These appear to be 
alio tropic forms of the same substance, related to each other as are the 
various forms of sulfur. If one of these is melted and then seeded with a 
crystal of one of the other types, it is converted wholly to the second type. 

The natural flavoring material coumarin is a lactone or internal ester 
of o-hydroxy cinnamic acid. 


on HO 


\ Acetic 

c=o >2cn3CO()n + 


H H 

o-Hydroxycinnamic acid 


anliydride 



Coumarin 
(sec page 55B) 


It is used 111 perfumes and soaps, to flavor foods and tobacco. 

Dicarboxylkj Acids 

The benzenedicarboxylic acids arc known as phtlialic acids: 


/\c— OH 

//^ 


C— OH 

A 

C— OH 

A 

. Jc— OH 
^ % 

V Jc— OH 

\/ 

C— OH 



"^0 

0 -Phthalic acid, or 

m-Phthalic acid, or 

p-Phthalic acid, or 

Phthalic acid 

Isophthalic acid 

Terephthalic acid 


They are, at present, the most important of the aromatic dicarboxylic acids. 
All are solids. The meta acid alone has a definite melting point (347°). 
Terephthalic acid sublimes when heated; the ortho acid begins to melt at 
191°, and at the same time loses water, forming its anhydride. The melting 
point therefore is variable; when the acid is rapidly heated the melting point 
seems to be 206°. 

The phthalic acids are prepared as follows: 

(1) o-Phthalic acid results when o-dialkyl derivatives of benzene are 
oxidized: 
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\yiHs \/c—oji 

o-Xylene o-Phthalic 

acid 

Commercially, the acid is j)ro(luced from plithalic anhydride by hydrolysis. 

(2) Isophthalic acid may be formed by the oxidation of m-xylene, also 
by the fusion of sodium formate with potassium m-sulfobenzoate (see 
example of this reaction on page 440 ), and by other methods. 

( 3 ) Ter€‘phthalic acid results when p-dialkyl derivatives of benzene are 
oxidized. It may be formed from p-toluidine by the following steps: 


(a) Diazotization, — C6H4 


(p) C6H4 (p) 

N2CI 

( H3 


(b) Sandmeyer reaction — > C6II4 


(c) Hydrolysis C6H4 


COOH 

COOH 


(d) Oxidation C6H4 (p) 

^COOH 

The dicarboxylic acids of benzene furnish examples of all of the deriva- 
tives common to aliphatic dicarboxylic acids. Esters, normal and acid 
salts, amides, etc., arc known. 

Uses of Phthalic Acid. The potassium acid salt, which can be had in 
high purity, is used as a standard in acidimetry. Several esters are used in 
condensation pumps, in which a liquid with very low vapor pressure is 
essential (n-butyl, n-hexyl phthalates). Mercury, formerly used in this 
role, has been displaced by phthalates whose vapor pressure is less than 
that of mercury (di- 2 -ethylhexyl phthalate) . Several are used as plasticizers 
for cellulose derivatives (dibutyl, diamyl, dimethyl, diethyl esters). Metal- 
lic phthalates have shown promise of usefulness in paints and lacquers. 
Esterification with glycerol gives mixtures of compounds of high molecular 
weight used as synthetic resins (Glyptals). 
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Phthalic anhydride is made commercially from naphthalene by passing 
its vapor with air over a catalyst (vanadium oxide) heated to 500°. Another 
large-scale method formerly in use involved the oxidation of naphthalene 
with sulfuric acid in the presence of mercuric sulfate (catalyst). 



84. — This acrylic denture, made of plastic based on Crystalite, can bite a pencil in half 
without damage to itself. {(Umrfcsy of Rohm and Haas (Company.) 


One of llic interesting reactions of phthalic anhydride is that which takes 
place witli phenolic com|)oiind.s. With these it forms derivatives called 
Iihthaleins. The reaction with j)henol is typical: 



Phenolph thalein 


The para hydrogens of phenol together with carbonyl oxygen of the anhy- 
dride are removed as a molecule of water, Phenolphthalein, the product 
of this reaction, is a familiar indicator, much used in analytical chemistry. 
It is also of value in medicine as a laxative. An alkaline solution of phenol- 
phthalein is a deep red color; other phthaleins likewise give colored alkaline 
solutions. They are discussed in the chapter on dyes. 
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(2) Formation of acid chloride. Treatment with phosphorus penta- 
chloride converts phthalic acid to phthaloyl chloride; treatment of the 
anhydride is more practical: 



POCI 3 + 


J 

Cl 


Phthaloyl chloride, 
J*hthalyl chloride 


Another method involves the reaction of phthalic anhydride and thionyl 
chloride, catalyzed by zinc chloride. 

The compound exists in two forms, one of which has the formula shown 
above, while the other is a derivative of phthalic anhydride: 





% 


Phthaloyl 

chloride, 

Phthalyl 

chloride 


n. 

c 




V/\c 


O Phthalide 


N) 


(C6TT5)2 

Phthalo- 
/ phenone 

N) 


The symmetrical form changes to the unsymmetrical form when heated with 
aluminum chloride. Derivatives of both forms are known, but those of the 
unsymmetrical form are most important and most interesting. Two of 
these are phthalide and phthalophenone, whose formulas are shown here. 

For use of phthaloyl chloride in synthesis of acid chlorides see page 188. 

(3) Phthalimide. Ammonia reacts with phthalic anhydride forming 
phthalimide: 


/ 


o 


/\/' 


\) 


O + HsNU H 2 O + 


y 

\ 


o 




NH 


Phthalimide 


In this compound, the hydrogen lying between the two C"0 groups is 
replaceable by a metal (note remarks on page 256), in this way giving a salt 
of the imide : 


NH + KOH (alcohol) HjO + 


/ 


o 




\ 


'x/\p/' 


NK 


Potassium 

phthalimide 
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The salt is used in the Gabriel Synthesis of Primary Amines as diagrammed 
below : 


O 





\ 

I 

\ 


\ 

o 




NK + IR KI + 


y 

\ 


o 




NR 

\) 


NR + 2NaOII 


■'C 


|COONa 

COONa 


+ RNH 2 


O 


The hydrolysis of phthalimidc with barium hydroxide or ammonia yields 
phthalarnic acid: 


/ 

j 

\ 

T 

/ 


O 


Nil + H 2 O -» 


\ 


O 


^CONH* 

s^COOH 


Phthalarnic acid 


a compound which is employed in making anthranilic acid. Here we make 
use of the Hofmann reaction, in which an amine is produced when an amide 
with one more carbon atom is treated with a halogen in alkaline solution. 
Phthalarnic acid treated with bleaching powder yields anthranilic acid; 


I^CONIIa 

\^COOH 


Hofmann 


yNNH 


reaction 


COOH 


Anthranilic acid 


or the latter may be made at one step from phthalimide by the use of the 
same reagents. 

Phthalic acid may be converted to benzoic acid when heated with an 
equimolecular proportion of calcium hydroxide (see also page 521). An 
excess of this reagent carries the reaction a step further, yielding benzene 
and another molecule of carbon dioxide. 

Polycarboxylic Acids. Derivatives of benzene with three, four, five, and 
six carboxyl groups are known. The last compound, called mellitic acid, 
exists as the aluminum salt in beds of lignite (“Honey Stone’’)* Mellitic 
acid, C6(C00H)6. may be synthesized directly from charcoal or graphite by 
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oxidation with potassium permanganate or nitric acid. Tlie acid is resistant 
to the action of nitric or sulfuric acids, but yields carbon dioxide and benzene 
when its calcium salt is distilled. 


Naphthalene Carboxylic Acids 


The monocarboxylic acids in this series are termed naphthoic acids. 
Methods of preparation are similar to those for benzoic acid. 

a-Naphthoic acid is made from the hydrolysis of f^-naphlhonitrile, or by 
treatment of a-naphthalenesulfonic acid with sodium formate. 


C—OH 

/\ a-Naphthoic acid 


/3-Naphthoic acid results from the hydrolysis of /3-na])litlionitrile or the 
oxidation of j3-alkyl naphthalene compounds. 



/3-Naphthoic acid 


The reactions of these monoacids resemble those of benzoic aeifl. The 
diacids are similar to the phthalic acids. It is noteworthy that 1,8-naph- 
thalic acid forms an anhydride on heating, as does o-])hthalic acid: 


HO— C C— Oil 


0-=C — O c=o 



Niiplithalic 

acid 


Naphtlialic 

anhydride 


Naphthalic anhydride forms derivatives with idienols, which are similar in 
structure to the phthaleins formed from phthalic anhydride. Like phthalic 
anhydride it may be changed to an imide. 


Strength of Organic Acids 

In Table 39 the dissociation constants of benzoic acid and several of its 
substitution products are compared. The constants of formic and acetic 
acids are inserted to show the relative strength of the two series. 

Inspection of this table will plainly show the effect of groups in the oriho 
position to carboxyl upon the dissociation constant of the acid. This 
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M. (American, 1S(>0-1947.) 

After preliminary schooling in America, 
(lomberg worked with Haeyer and with 
Victor Meyer. Here he made tctra- 
phenylmcthane, whose synthesis hH<l been 
unsuccessfully attempted many times. 
Later work in America on synthesis of 
hcxaphenylethane led to tlic discovery of 
triphenylmethyl. Gornberg was bjr many 
years i>rofessor of organic crheinistry at the 
University of Michigan, the institution in 
which he did l»is own undergraduate 
work. See hid. Etuj. fVn’w., 6, 339 
(1914), ibid., 23 , IIG (1931); also this 
book, page 407. 




V. N. Ipatieff. (American, 1867- •) 

Ipatieff did much of his work in Russia; he 
came to America in 1931. His chief 
interest lies in high pres.surc catalytic 
reactions, in which field he has made 
notable contributions both to the theory 
and practice. The work is well described 
in his book. Catalytic Reactions at High 
Pressures and Tern per atures, Macmillan, 
1936; see J. Chem. Education, 14 , 553 
(1937). See page 624, this book. 
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is particularly noticeable in the case of 6-dihydroxy benzoic acid, and in 
phthalic acid. Compare the effect of negative groups with that of alkyl 
group or amino group. 

Steric Hindrance 


In the case of certain derivatives of benzoic acid, great difficulty is 
experienced in carrying out reactions which apparently should be normal for 
the compound. This happens when groups are substituted in both posi- 
tions ortho to the carboxyl group. 

Table 39.— Dissociation Constants of Aromatic Acids 


T - 25^C. 190 X K 

Formic 0.01712 

Acetic 0.00175 

Benzoic 0.0003 

o-Nitrobenzoic 0.671 

m-Nitrobenzoic 0 . 0321 

y-Nitrobenzoic 0.0376 

o-Chlorobenzoic 0.120 

m-Chlorobenz(»ic 0.0148 

y-Chlorobenzoic 0 . 0104 

o-Hydroxybenzoic 0.105 

wi-Hydroxybenzoic 0 . 0083 

y-Hydroxybenzoic 0 . 0029 

Dihydroxybenzoic (2,6) 5.00 

Dihydroxybenzoic (2,3) 0.114 

Dihydroxybenzoic (2,5) 0.108 

Dihydroxybenzoic (2,4) 0.0505 

Phthalic 0.117 = Ki 

Isophthalic 0.029 = Ki 

Terephthalic 0.015 = Ki 

o-Toluic.... 0.0123 

m-Toluic 0 . 00535 

y-Toluic 0.00424 

o-Aminobenzoic 0.00107 

m- Am inobenzoic 0,00163 

y- Aminobenzoic 0 . 001 21 


Examples: 



Neither of the above compounds forms an ester when boiled with alcohol 
in the presence of hydrogen chloride, a method which is effective with most 
aromatic acids. The esters are, however, obtained from the action of 
alkyl halides upon the silver salts of these acids; thus the acids are shown to 
be capable of esterification. 



AROMATIC ACIDS 


541 


The theory of Victor Meyer states that the tardiness of reaction of com- 
pounds similar to these is due to a crowding caused by the close proximity of 
the three groups on the ring, which interferes with the close approach of a 
fourth group. The phenomenon is termed steric hindrance. It is significant 
that the esters, once formed, resist hydrolysis, as do other di-or^feo derivatives 


/ 


o 


/ 


o 


of CeHsC OH, C6II5CN. CV.H5C— NH 


etc. 


We have noted a similar phenomenon with the substituted biphenyls 
(page 421). Many other examples both for aliphatic and aromatic com- 
pounds are found in the literature. For instance, both trichloroacetic and 
trimethylacetic acids have lower esterification rate than acetic acid. The 
factor of most importance in steric hindrance appears to be the size of the 
groups involved, but there are other factors. Like many other subjects 
encountered in our work, it will nec<l more research for complete elucidation. 


REVIEW QUESTIONS 

1. Write graphic formulas for: (a) Phthalidc; (b) Terephtbalic acid; (c) Henzoyl bromide; 

(d) Pbenylacctonitrile; (0) Phtbaloyl chloride; (f) 7n-(yanobcnzenesulfoiiic acid. 

2. Give the formulas of two hydrocarbons, two ketones, and two alcohols, which upon oxida- 

tion would yield benzoic acid. 

3. Show the formation of benzoic acid from the following compounds: (a) Aniline; (b) 

Benzenesulfonic acid; (c) Chlorobenzene; (d) Benzene. 

4. How may the following changes be brought about: (a) 7>-Xylenc to p-toluic acid? (b) 

o-Toluic acid to toluene? (c) Aniline to benzamide? 

5. Indicate by means of equations how the following exchanges may be made on the benzene 

nucleus: 

(a) H for CO2H; (b) CO2H for II; (c) H for NH2; (d) NIL for H; (e) CN for NO2; 
(f) H for CHs— CH2— CHOII— CO— NH2. 

6. How could phenol and benzoic acid be distinguished from each other? 

7. List four compound.s derived from benzoic acid which have practical uses. Give synthesis 

of each and state uses of the compound. 

8. Show by equations a method of .synthesis for each of the phthalic acids. 

9. Show by means of equations the synthesis of the following compounds from phthalic 

anhydride: (a) Anthranilic acid; (b) Benzene. 

10. An aromatic hydrocarbon of formula CsHio gives upon oxidation, a substance of formula 

C7H6O2. Another hydrocarbon of the same formula gives after oxidation the compound 
C8H6O4. Write structures of the hydrocarbons and of their oxidation products. 

11. Write equations for the synthesis of benzoyl chloride and for three reactions of the com- 

pound. 

12. How could CfiHsCOCl and C6H6CH2CI be distinguished from one another? Describe the 

tests briefly. 

13. How could C6H4(CH8)C00H be distinguished from C6H6CH2COOH? Describe the tests 

briefly. 

(R)14. Suggest how you would make phenylacetic acid from benzene. 

(R)15. How might phenylpropionic acid be made from benzene? 

16. Define the phenomenon called “steric hindrance.” How is it explained? 



542 


TEXTBOOK OF ORGANIC CHEMISTRY 


17. Show by sequences of equations how to make salicylic acid from o-sulfobenzoic acid; from 

anthranilic acid. 

18. Show by a sequence of equations how to make w-chlorobenzaniide from w-nitrotolucne. 

19. Show how to make o-, m-, and p-bromobcnzoic acids from benzene. 

20. Make a chart showing the chemical interrelationships of benzoic acid, benzamide, ethyl 

benzoate, benzenesulfoiiic acid, aniline, ?n-nitrobenzoic acid. 

21. What would be formed from y>-toluic acid upon treatment with: (a) Chlorine (with a 

carrier); (b) Sodium hydroxide; (c) Show how r>-toluic acid would react with the 

same reagents. 

22. Enumerate the methods given in this chapter for the preparation of (^HsC’OOH and 

similar acids. Which of these methods could be used to make acetic acid? 

28. Indicate by a series of equations how benzamide uiight be transformed to other inter- 
mediate compounds and again to benzamide by the use of the Hofmann reaction, 
Sandmeyer reaction, etc. 

24. T/ist the compounds taken up in this chapter which arc used in perfumes. Make a separate 

list of those with antiseptic value, and another list of those used to make dyes. 

25. What is the “salol principle”? To what type of compounds is it applied? 

20. How many cc. of N/lO KOH solution would be neutralized by 0.80.50 g. of potassiunj 
hydrogen phthalale? 

27. Cite the chemical reactions used in this chapter which bear the names of chemists. (Jive 

an equation for the employment of each of these reactions. 

28. WTite the graphic formula for the penladigalloyl ester of glucose. (I se the open-chain 

aldehyde form of glucose.) 

29. Phthalidc is a lactone ()r internal ester. From what acid is this lactone formed? Write 

its formula and name it. 

80. Suggest how to make the acid considered in question 29 from benzene. 

81. How could o-nitrobenzoic acid be made from the aromatic nilro compound of formula 

C 7 II 7 NO 2 ? 

82. How could a mixture of benzoic acid, phenol, and p-dichlorobenzcnc be separated? 

83. How has it been shown that benzamide can liave two structures? 

84. If aspirin were contaminated with salicylic aci<l what tests would reveal this fact? 

35. What physical and chemical facts are of u.se in the idenlificat ion of an aromatic acid such as 
benzoic acid? What derivative may be used to close tlie identification? 

86. Discuss the isomerism shown by cinnamic acid. Write equations for the action of cin- 
namic acid with: (a) Oxirlizing agents; (b) A halogen; (c) HBr. 

^ 87. What is the Schotten-Baumann reaction? What conqmunds would be formed in that 
type of reaction between benzoyl chloride and: (a) o-Toluidine; (b) w-Propyl alcohol; 
(c) Diethylaminc ? 

38. Combustion of a 0.150 g. sample of the compound (A) gives 0.4487 g. of (X )2 and 0,0794 g. 

of H 2 O. The compound was boiled with NaOH solution for some time and the mixture 
was then acidified. Two compounds, (B) and (C) w^ere isolated. (B) contains 72.97% 
C, 5.41 % H. It can be made from benzaldehyde and acetic anhydride by the Perkin 
reaction. (C) contains 77.8 % C and 7.41 % U. It reacts with metallic sodium, liber- 
ating hydrogen, but it does not reduce Eehling solution. Mild oxidation produces 
benzaldehyde and vigorous oxidation gives benzoic acid. What is the structure of (A) ? 

39. An organic compound (A) contains 80.0% C, 6.67% H, and 13.83% (), It is oxidized 

by ammonia cal silver nitrate solution and forms a solid c*ompound when treated with 
sodium bisulfite solution. Vigorous oxidation yields a compound (B) containing 
57.84% C, 3.02% H, and 88.55% O. When (H) is strongly heated, it passes to a new 
compound (C) containing 64.87% 2.70% H, and 32.43% O (m.p., 129 ± 

Treatment of (A) with cold concentrated KOH solution gives two compounds, (D) 
and (E). (D) is an acid whose sodium salt contains 14.55% Na. (D) may be made 

from (A) by careful oxidation. (E) reacts with metallic sodium, and with acetyl 
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chloride, but does not reduce Fchling solution. (E) may be made from (A) by careful 
reduction. Deduce the structure of {A) and explain all of the reactions referred to here. 
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CHAPTER XXVIII 


AROMATIC ALDEHYDES, KETONES, AND QUINONES 

Akomatkj Aldehydes 

Aromatic aldehydes have the type group, CHO, attached either to a 
nucleus such as the benzene ring, or to the side-chain on a ring. Those 
which belong to the latter class are unimportant for our discussion, and will 
not require detailed description. They are prepared like aliphatic alde- 
hydes and they undergo quite similar chemical transformations. Aromatic 
and aliphatic aldehydes are not to be so sharply differentiated from each 
other as was possible in the case of phenols and alcohols, or aliphatic and 
aromatic amines. Both series participate in a large number of reactions, 
however it may be said that the aromatic aldehydes present the greater 


Table 40. — Physical Constants of ‘Aldehydes and Ketones 


Name 

Formula 

M.p., 

®C. 

B.p., 

Sp. g., 

Oxime, 

M.p., 

"C. 

Phenyl- 
hydra- 
zone, 
M.p., °C. 

Benzaldehyde 

C«lIjCHO 

- 26 

179 

1.046 

128-30 

155-6 

Toluic aldehyde (o) 

CHaCflIbCHO 


196-9! 

1 . 039 

49 

105-6 

Toluic aldehyde (m) 



199 

1.019 

60 

90 

Toluic aldehyde {p) 



204-5 


(79) (no) 

121 

Hydroxybenzaldehyde (o) . 

HOCeHiCHO 

!- 7 

196.5 

1.153*® 

57 

142-3 

Hydroxybenzaldehyde (w) 


106-8 

240 4- 1 


87-8 

130 

Hydroxybenzaldehyde {p) . 


116-7 

Sub. 

1.129i»® 

72-3 

177 

Chlorobenzaldehyde (o) . . . 

CIC 6 H 4 CHO 

11 

2087^» 

1.29* 

75-6 

86 

Chlorobenzaldehyde (m) . . 


17-8 

213-4 

1 . 2501® 

70-1 

134 

Chlorobenzaldehyde (p) . . . 


47.8 

213748 

1.19661 

106 

127 

Nitrobenzaldehydc {o) ... . 

NO 2 C 6 H 4 CHO 

40.9 

153*® 


102-3 

156 

Nitrobenzaldehyde (m ) .... 


58 

16423 


121-3 

120 

Nitrobenzaldehyde (p) .... 


106.5 

Sub. 


129 

153-4 

Naphthaldehydc (a) 

C 10 H 7 CHO 

33-4 

291.6 

1.148 

98(39) 

80 

Naphthaldehyde (/3) 


60.5 


1.078»® 


206 Dec. 

Phenylacetaldehyde 

CfiHfiCHaCHO 

33-4 

193-4 

1.025 

98.5 

62-3 


H H 






Cinnamic aldehyde 

CeHft— ^C=C— CHO 

- 7.5 

252 ± 

1 11020/20 

138.5 

168 

Acetophenone 

CHaCOCoHfi 

20.5 

202^49 

1.0331®/!® 

59 

105-6 

Benzophenone 

CeHfiCOCflHs 

48.5 


1.083®^ 

143-4 

137-8 



W 

305. 4j 

(«) 

1 



number of reactions of specific interest. Those differences in chemical 
properties which set the two series apart will be emphasized as we proceed. 

Physical Properties. Benzaldehyde or oil of bitter almonds, CeHsCHO, 
is a typical aromatic aldehyde. This substance is a colorless oil, insoluble in 

544 
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water, but soluble in alcohol, ether, etc. Its odor is like that of bitter 
almonds. Other aromatic aldehydes are liquids or solids, generally possessed 
of pleasant odors. 

Preparation 

The following methods are available for the preparation of the aromatic 
aldehydes. 

(1) The oxidation of a primary aromatic alcohol; 

Oxid 

CeHtCHaOH > CeHsCHO 

Benzyl alcohol Bcnzaldehyde 

This method of preparation, which Ls so commonly used for aliphatic 
aldehydes, has much less significance in the aromatic series. Aliphatic 
alcohols are available in large quantities and form a natural starting point 
in the synthesis of compounds of that series, while in the aromatic series 
the hydrocarbons are the chief originals. Thus bcnzaldehyde is prepared 
from toluene or its derivatives. 

(2) Production directly from toluene: (a) Etard method. Toluene dis- 
solved in carbon disulfide niay be oxidized with chromyl chloride. A precipi- 
tate is produced, consisting of the hydrocarbon combined with the reagent. 
Treatment of this precipitate with water yields benzaldehyde. This method 
of synthesis is applicable for the preparation of benzaldehyde derivatives as 
well, (b) Toluene may be directly oxidized to benzaldehyde by air in 
presence of a catalyst, or (c) by the use of manganese dioxide and sulfuric 
acid at 40°. Benzaldehyde made from benzyl or benzylidene chloride may 
have with it a small amount of material with chlorine in the ring. This 
would be unsuitable for use in perfume, hence methods like the above which 
avoid chlorination have distinct value. 

(3) Indirect production from toluene, 

(a) Toluene is transformed to benzylidene chloride (page 431) which 
upon hydrolysis gives benzaldehyde. 

(b) Benzyl chloride derived from toluene (page 431) is oxidized by lead 
nitrate or copper nitrate in aqueous solution: 

2 C 6 H 5 CH 2 CI + Pb(N03)2 ->PbCl2 + mN02 + ^CeHsCHO 

(4) Aromatic aldehydes are formed (usually in very low yield) by heating 
the calcium salts of aromatic acids with calcium formate: 



Benzaldehyde 


This reaction has its identical counterpart in the aliphatic series. 
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(5) Benzaldehydc and other aromatic aldehydes may be formed directly 
from hydrocarbons by the combined reaction of carbon monoxide and 
hydrogen chloride, in the presence of aluminum chloride and cu}>r<)us chloride 
used as catalysts. (Gattermann reaclion.) It seems likely that the carbon 
monoxide and hydrogen chloride exist in part as formyl chloride, wliidi is 
able to react with the hydrocarbon as other acid chlorides do: 


H 


+ ici; 


AK\ 

O >HC1 + 

^ CU2(I2 

c 


/\ 




/ 


,0 


-c 


\ 


II 


\ 

H 


The Friedel and Crafts reaction taken up in Chapter XXIX is similar to the 
above. 

Benzaldehydc may be obtained from the glucosidc amygdalin, a com- 
ponent of bitter almonds. Wlien amygdalin is boiled with a dilute acid it is 
hydrolyzed; glucose, liydrogen cyanide, and benzaldehydc are its cleavage 
products. Hydrolysis may also be brought about by grinding the almonds 
with water, being caused in this instance by a natural ferment or enzyme 
called emulsin, which accompanies the amygdalin in the almond. 


Chemical Reactions 

(1) Oxidation, Aromatic aldehydes are quite susceptible to oxidation, 
j)assing to their corresponding acids: 

Oxid 

CcHbCHO > CellBCOOH 

Benzaldehydc Benzoic acid 

Benzaldehydc is oxidized by exposure to air; this accounts for the deposit 
of crystals often seen about the cork of a bottle, when it has become 
saturated with the oil. The oxidation by air proceeds in stages. First 
we have the addition of a molecule of oxygen to benzaldehydc, by which 
benzoyl hydrogen peroxide is formed: 

O 

CellsCHO + 02-^ CeHsCOOH 

Benzoyl hydro- 
gen peroxide, 

Perbenzoic acid 
(sec page 525). 

The peroxide compound is able to oxidize another molecule of aldehyde: 

O 

II 


CeHsCOOH + CsHfiCHO gCaHsCOOH 
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It may be remarked in passing that this reaction of benzaldehydc with 
oxygen (auto-oxidation) is not unique. A number of substances appear to 
be oxidized by* oxygen through a similar mechanism, viz., the addition of 
oxygen to the compound, yiehling a peroxide, which then performs the 
oxidation of unattacked material by giving up a portion of its oxygen.*^ 
The air oxidation of aldehydes may be prevented by the use of an antioxidant 
(an easily oxidized organic or inorganic substance) in low concentration. 
Auto-oxidation may be desirable, and can in some cases be hastened* by the 
use of a promoter. See “auto-oxidation of oils,’’ jiage 217. 

Benzaldehydc and its homologs reduce ammoniac^al silver solutions; 
however Fehling’s solution is not redm^ed by benzaldehydc. The Schiff 
test is positive. 

(2) Reduction, Benzaldeliyde upon reduction yields benzyl alcohol; 

lliihi 

( ellftCHO ( JI,( H2OH 

!<JI1 Benzyl alcohol 

At the same time some of the compound hydrobenzoin is formed, through 
union of two partly reduced molecules of aldehyde: 

/N— c — c— 

I 1 

on on 

Hydrobenzoin 

This reaction is suggestive of the formation of pinacols by the reduction of 
ketones (page 154) but it is not shared by the aliphatic aldehydes. 

(3) Action of halogens. Halogens interact with aromatic aldehydes by 
substitution. The hydrogen of the aldehyde group is replaced by halogen 
atom, giving as a final product an aromatic acid halide (for equation see 
page 523). Benzoyl chloride, which is a synthetic agent of some importance, 
may be produced on a commercial scale in this way. It will be recalled that 
when halogens react with aliphatic aldehydes the hydrogen atoms of their 
alkyl groups are replaced (page 144). In benzaldehydc there is no alkyl 
hydrogen. 

(4) Reaction with phosphorus pentachloride. Aromatic and aliphatic 
aldehydes react alike with phosphorus pentachloride, i.e., aldehyde oxygen 
is replaced by two chlorine atoms: 

C6H5CHO + PCI5 POCI3 + C6H6CHCI2 

Benzylidene 

chloride 

* The peroxide may oxidize some compound other than the original aldehyde; thus a 
substance not directly oxidizable by oxygen may be oxidized in the presence of a compound 
capable of auto-oxidation (capable of forming a peroxide). 
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(5) Behavior toward alhalL The lower aliphatic aldehydes (with excep- 
tion of formaldehyde) undergo condensation or are polymerized by the action 
of strong alkali. Aromatic aldehydes (and formaldehyde) in contact with 
alkali undergo simultaneous oxidation and reduction (the Cannizzaro reac- 
tion). (See equation, page 491.) One molecule of aldehyde is oxidized 
at the expense of another which is thereby reduced. 

Formaldehyde resembles benzaldehyde in that neither has cd'pha hydro- 
gen. The ordinary tyjie of condensation is barred for this reason. The 
Cannizzaro reaction is catalyzed by peroxides and in their absence it does 
not occur. Very probably we will never fully realize the importance of 
such “impurities” in directing the course of chemical reactions. 

(6) Addition reactions and simple condensations. Aromatic aldehydes 
resemble their aliphatic congeners in that they perform additions or conden- 
sations with sodium bisulfite, hydroxylamine, phenylhydrazine, hydrogen 
cyanide, and primary amines. 1'he structures of the derivatives formed 
from benzaldehyde with these reagents are: 



Sodium bisulfite 


compound 
(Benzaldehyde gives 
a positive Schiff test). 


j^C-=NOH 

\/ 

Benzal- 

doxime 


^C=N— N-CeHs 

V 

Benzaldehyde 

phenylhydrazone 


V" 


H 

,C— CN 

\ 

on 


Mandelo- 

nitrile 


/\€=NC6H5 

\/ 

BcRzylideneaniline, 
Benzalaniline 
(Schiff base). 


The bisulfite compounds of the aldehydes are solids. The formation of 
a bisulfite compound during the purification of an aldehyde is a handy 
means of removing the latter from a mixture. Subsequent treatment 
with dilute acid regenerates the pure aldehyde from the bisulfite compound. 

Phenylhydrazones are used in the aromatic series to aid in the identifica- 
tion of aldehydes. They are solids which may be recrystallized, and whose 
melting points may be accurately determined. If the boiling point of the 
aldehyde and the melting point of its phenylhydrazone both agree with 
the tabular values, the identity of the aldehyde may be considered as 
proved (page 769). 

The action of hydroxylamine with benzaldehyde produces an oxime 
(see above) whose melting point is 35®. If this oxime is treated with 
hydrochloric or sulfuric acid, it passes into another compound with identical 
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molecular formula, but with a melting point of 130°. The reverse change 
may be brought about by distillation at reduced pressure. These two 
compounds are thought to be geometrical or cis-traiis isomers, one of the 
other (see pages 59 and 328). Treatment with acetic anhydride serves to 
distinguish their structures. Thus the compound of melting point 35° 
forms an acetyl derivative with this reagent, wliile its isomer loses water, 
forming a nitrile. 

The latter has up to recent years been assumed to have the cis structure, 
since it was thought that II and Oil would be more easily removed from 
such a compound. The idea, though simple and attractive, has been aban- 
doned in favor of the ^mn^-elimination idea. The facts presented are 
summarized below: 



The anti oxime is formed from the syn compound by first making a salt 
with hydrochloric or sulfuric acid, then neutralizing the acid with sodium 
carbonate. The syn oxime reforms from the anti after continued heating at 
reduced pressure. 

(7) Action of ammonia. Aliphatic aldehydes form addition compounds 
with ammonia. The aromatic undoubtedly do so as well, but the reaction 
proceeds beyond the first step and becomes complex. 

SCsHsCHO + 2NHs + (C6H5CH),N2 

Hydrobenzamide 

(8) Condensation Reactions. 

(a) Benzmn condensation. Benzaldehyde condenses with itself when 
treated with a solution of potassium cyanide. The reaction, which is in 
some respects similar to the aldoJ condensation, is known as the benzoin 
condensation; 
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O 

KCN H II 

^CelhCliO ^ CbHbC CCbHb Benzoin 

soln. I 

OH 


Other aromatic aldehydes react similarly in tlie presence of potassium 
cyanide solution. 

Benzoin is a derivative of the hydrocarbon bibenzyl, CgHbC^H^— 
CH2C6H5, to which it may be transformed by reduction. Oxidized with 
nitric acid, benzoin yields the diketone benzil: 


V 


o 

H li 
-c—c- 

OH 




Oxid 


o o 


c— c- 


Benzil 


When benzil is heated with alcoholic potassium hydroxide solution it 
undergoes the bcnzilic acid rearrangement, giving potassium benzilate: 


O O II 

I! II KOH O 

CeHs—C—C— Cells > (C6H5)2C— CO 2 K 


Benzoin reduced with sodium amalgam passes to nydrobenzoin: 


O 



H II 
~C— C— 
1 


1 Red 11 


H 

C — 
1 

H 

-C 



OH 

k/ 


k/ 

OH 

OH 



Hydrobenzoili 


a glycol derivative; whereas reduction with zinc and hydrochloric acid 
affects the alcohol group, giving desoxybcnzoin : 




o 

H I! 

-c— c- 
I 

OH 


O 


H2 


Redn 


^^2 1 ! 

r ^-c— C-I 




/\ 




\/ 

Desoxybcnzoin 


As a ketone-alcohol, benzoin somewhat resembles the simple sugars. 
It reduces Fehling’s solution, also forms a phenylhydrazone and osazone. 
As a ketone it forms oximes. 

(b) Perkin reaction. When benzaldehyde is treated with acetic anhydride 
and sodium acetate a condensation ensues between the aldehyde and the 
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anhydride. Formulas of hypothetical intermediate compounds are: CeHs- 
(^HOHCHaCOOCOCHa, and C 6 H 6 CH=CHCOO‘C()CH 3 . The final 
product is cinnamic acid, C 6 n 5 CH=CHCOOII. 

This condensation, known as the Perkin reaction, may he used to form 
a large number of benzene derivatives by varying the aldehyde and other 
reagents employed. 

Cinnamic acid maybe more cheaply syntliesized from benzylideiie chloride 
and sodium acetaU*: 


H 

CcH5C|Cl2r+' 


IT 

HaiC— C— ONa 


2TIC1 + 


H II 

CoHsC-^C - C--ONa 


(c) Other aUlol condensations. In the })rcsence of mild alkali, ben- 
zakleliydc and other aromatic aldehydes react with aliphatic aldehydes and 
ketones by aldol condensation. The number of applications of this reaction 
is naturally very large. A few examples are appended : 


/\_C=0 


o 

+ CII3CCH3 HsO + 




H O 

,C-=0 II 

+ CII3CCII3 2II20 + 


o 

n II 

/\c=c— C— CH3 


V 

Benzalacetone or 
Benzylideneacetone * 

o 

H H II H II 

:=c— c— c=-c— / \ 




1 libenzalacetone 




Dibenzalacetone is a convenient derivative for the identification of either 
bcnzaldehyde or acetone. 

H II H II H 

C6ll6~C=0 + CII3C-O H2O + C6H5— C— C— c=o 

Cinnamic aldehyde 

(d) Further condensations. In the discussion of phenol, aniline, and 
derivatives, it was shown that the 'para hydrogen atom of such compounds 
is easily removed or replaced. This is especially the case with tertiary 
amines of the type of dimethylaniline (page 472). Making use of this 
peculiarity, very important dye substances may be formed by interaction 
of these compounds with benzaldehyde. An example of such a dye is 
malachite green, made from dimethylaniline and benzaldehyde: 

* The reaction of benzalacetone with .sodium hypochlorite is interesting. Chloroform and 
cinnamic acid are formed. 
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^N(CH3)2 


^N(CIl3)2 


ZnCl2 


U2O “f“ 


/\c' 




N(CH,)* 


^<( )>N(CH3)3 


Malachite green, leuco 
base (see page 686) 


Other compounds which may be made in this way include diaminotriphenyl- 
methane and dihydroxytriphenylmethane: 




<Z>' 


NH, 


\ 




NH2 


Duiininotriphenylmethane 


.XI>' 


OH 


Dihydroxytriphenylmethane 


(9) Action of acids upon hcnzaldehyde. Nitric acid acts by substitution 
and not as an oxidizing agent. 7//-Nitr()bcnzaldehydc results. With 
sulfuric acid, benzaldehyde forms m-sulfobcnzaldehyde. 

Comparison of Aromatic and Aliphatic Aldehydes. Benzaldehyde 
differs from aliphatic aldehydes in its reaction with strong bases (does not 
form a resin), with ammonia, with potassium cyanide, and with Fehling’s 
solution. Reactions in which aliphatic aldehydes and benzaldehyde act 
similarly are oxidation, addition of sodium bisulfite (hydroxylamine, 
phenylhydrazine), and the aldol condensation (when benzaldehyde reacts 
with aliphatic compounds and not with itself). 


Important Aromatic Aldeiiyde^s 

Benzaldehyde, which has been discussed at some length, is an important 
reagent. Certain dyes are made from it, also compounds of importance, as 
cinnamic acid, cinnamic aldehyde, etc., as has been illustrated. Its pleasant 
odor renders it desirable for perfumes. 

Cinnamic aldehyde, the odorous component of oil of cinnamon, may be 
obtained from that source by shaking the oil with concentrated sodium 
bisulfite solution. The precipitate of aldehyde bisulfite compound is then 
decomposed with sodium carbonate. For synthesis from benzaldehyde, 
see p. 551. 

Salicylic aldehyde may be formed by the oxidation of saligenin, CeH*- 
(0H)(CH20H)(1,2), an alcohol obtained from the hydrolysis of salicin, a 
glucoside found in willow bark (for synthesis from phenol, see page 501), 
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H 

c-=o 

X . 

Salicylic 

aldehyde 


Coumarin is made from it l)y the IVrkin reaction. 'I'he reactioji of 
salicylic aldehyde with acetic anhydride and sodium acetate gives o-hydroxy- 
cinnamic acid, which passes to its lactone, coumarin (see page 532). 
Anisaldehyde is made by the oxidation of anethole 

OCIIa OCHa 



Ox id 


v 

II 

i 

V 


c:h3 

H 

Anethole Anisaldehyde 


with potassium dichroraate and sulfuric acid. Anethole is a natural 
pi:oduct found in oil of anise. 

Vanillin is responsible for the pleasant o<Ior of the vanilla bean. This 
substance may be made from guaiacol by the lleimer and Tiernann rea(*tion. 
The compound eugenol, found in oil of cloves and other essential oils, may 
be changed to vanillin by the following series of reactions. 


OH 

r^OCHs 




c=o 

H 


Vanillin 


(a) When boiled with alcoholic potassium hydroxide, eugenol reverts to 
isoeugenol: 

OH OH 

/NoCHs KOH in /\oCHs 


H ftlcohol 

CH2 — C^^^CHz 

Eugenol 


C=C— CHs 
H H 

Isoeugenol 


There are many examples of this type of reaction in which a double bond 
shifts to a position in which it will be conjugated with another double bond. 
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Another instance is that of estragole (methyl chavicol) obtained from 
tarragon oil, which shifts to anethole: 


OCH 3 


Ale. 

KOH 


C— C--C1L, 

Hi, II 

Estragole 


OCII3 

/\ 


C— CH3 

H H 

Anethole 


(b) Oxidation of isoeiigenol (the OH group protected l)y acc'tylation) 
yields vanillin, in the same way that anethole gives anisaldehyde. Vanillin 
is also a hydrolysis product of lignin (page 879). The pulping of wood for 
paper manufacture gives large available stocks of lignin from which vanillin 
is now made commercially. Ethyl vanillin. Cell 3 ( 002 X 1 5) (OCH 3) OHO, a 
synthetic product, is about three times as strong as vanillin and cheaper than 
vanillin.* 

In addition to its employment in the synthesis of vanillin, cugenol is used 
in dental preparations and medicines. It has a high antiseptic value. 

"Phe other aldehydes named above are used as synthetic agents and 
for the compounding of odorous mixtures. 


Ketones 

The aromatic ketones comprise three types of compounds, of which 
examples are given below. They are (1) aromatic-aliphatic ketones: 

O O 

II . . . II 

At — C — Aik, (2) <li-aromatic ketones whose groups are similar: Ar— C — Ar, 

O 

II 

and (8) di-aromatic ketdnes with unlike groups: Ar — C — Ar' 

Examples: 


0 

0 

0 

/\ 11 ' 
/N— c— CH3 



\/ 

V V 

\/ 

Acetophenone, or 

Benzophenone, 

Phenyl-7;-tolyl 

Methyl phenyl ketone 

Diphenyl ketone 

ketone 


Acetophenone. Acetophenone is a typical representative of the mixed 
aliphatic-aromatic ketones. This compound is a colorless oil (m.p., 20.5°) 
with a fragrant aroma. The substance has been used as a hypnotic under 
the name ‘‘hypnone.” It is also used in perfumes. A resume of the 

* These facts now have especial meaning, for the Japanese (1942) have control of Java and 
Sumatra from which places comes oil of cloves. 
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methods of preparation used for the aliphatic ketones shows the similarity 
of such a compound as acetophenone to acetone and other aliphatic ketones. 
Thus we may synthesize acetophenone by heating the calcium salts of 
benzoic and acetic acids: 


( 1 ) 


i 


\/ ! 


I 




/ 


2 


CaCO,, + 


/ 

\ 


O 


("Hs 


CHj 


\ O 

A 

/ V'' 


Acetophenone 


(2) Preparation by oxidation of methylphenylcarbinol, CcH 5 CIIOITCH 3 . 

(3) Tlie best method of synthesis involves the reaction of acetyl chloride 
(or acetic anhydride) and benzene in the presence of dry aluminum chloride 
catalyst. This is an extension of the Friedel and Crafts reaction which is 
cbnsidcred in detail in Chapter XXIX. 

(4) The Fries Reaction. Aryl esters of carboxylic acids may be con- 
verted to hydroxy ketones when treated under proper conditions with 
aluminum chloride. Important factors which govern the yield and the ring 
position to be substituted are the temperature and the nature of the solvent. 
It is possible that in the course of this reaction the ester is split and an acid 
chloride is formc^d which reacts with the aromatic ring as in the Friedel- 
Crafts reaction (page 578). 


CHsC^O 


O OH 



80% yield 


95% yield 


Reduction of the hydroxyketones gives alkyl phenols. 
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Reactions 


The reactions of acetophenone and related ketones are those to be 
expected of compounds similar in siructurc to acetone. They are presented 
below chiefly for the value of review. 

(1) Oxidation, Mild oxidation, using cold permanganate solution, 
affects the alkyl group of acetophenone, which is oxidized to carboxyl group: 


/\- 


o 

il 

c- 


'CTI3 Oxid 


(■— C— OH 


Phenyl glyoxylic acid, 
Benzoyiformic acid 


More thorough oxidation produces benzoic acid and carbonic acid (CO 2 
and II 2 O). 



C— C— on Oxid 


— > H20 + C02 + 


V 


Acetone reacts in an analogous manner when oxidized with hydrogen 
peroxide. 

(2) The reduction of acetophenone yields methylphenylcarbinol. 

(3) Halogens react with acetophenone to replace hydrogen of the alkyl 
group : 

CeHsCOCHa + 3CI2 ^ 3 HC 1 + C6H5COCCI3 

The hydrolysis of the chlorinated ketone produces benzoic acid and chloro- 
form: 


O 

/\ il 

OH 

\/ 


o 

^ il 

ecu Eton y-c— OH 

H 

\/ 


KOH 


+ HCCU 


(Note reaction of acetone and iodine, page 157.) 

«-Chloroacetophenone, C«H 6 COCH 2 Cl, phenacyl chloride, can bi; made 
from chloroacetyl chloride and benzene with aluminum chloride. It is a 
lacrymator, frequently used as a “mob gas.”* 

(4) By the action of 'phosphorus pentachloride, the oxygen atom of aceto- 
phenone is replaced by two chlorine atoms: 

CeHsCOCHs + PCU POCU + CeHsCCUCHs 


For lists of compounds used as war gases, see pages 323 and 606. 
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(5) Acetophenone forms an oxime^ phenylhydrazone, and a cyanohydrin 
as could be predicted. It does not, however, unite with sodium bisulfite. 
This is possibly the result of steric hindrance by the phenyl group. 

The hydrogen atoms of the methyl group are active and may be removed 
in condensations with other suitable compounds. Self-condensation yields 
dypnonc, C 6 H 5 (XCH 3 )"=CHCOC 6 H 5 and symmetrical triphenylbenzene. 
These are analogous to mesityl oxide and inesitylene, formed from acetone 
(l^ges 155, 158). 

Benzophenone. We may use benzophenone, diphenyl ketone, as an 
example of a diaryl ketone. Benzo]>henone is a colorless solid whose odor 
is agreeable. It is used in perfumes. 

Normally, a sample of the compound has a melting point of 48.5°, 
but it is sometimes secured with the melting point 26.5°. x\s there is but 
one possible structure for benzophenone we must liken this phenomenon to 
that observ(Kl in the case of elements like sulfur or phosphorus, which exhibit 
allotropy. As inferred above, the compound melting at 48.5° is the more 
stable, and is produced from the lower melting compound by inoculation 
with a trace of the 48° compound. 

Benzophenone may be made by several methods similar in principle to 
those given for acetophenone. These are (1) Heating the calcium salt of 
benzoic acid: 

A 

{CeR,COO),C3, CaCOa + C.U.COCAh 

Benzophenone 

(2) Oxidation of benzohydrol (dipheiiylm ethanol) : 

Oxid 

CoHsCHOHCeHb ► C6H5COC6H5 

Diphenylm ethane may be oxi<lized to benzophenone, just as triphenyl- 
methane easily oxidizes to the carbinol (see page 492). 

(3) The reaction of benzene with benzoyl chloride in the presence of 
aluminum chloride (page 578), is the best method for making benzophenone. 
Phosgene may also be used, or benzene and carbon tetrachloride may be 
treated to produce benzophenone dichloride, CellBCCbCeHs, which is then 
hydrolyzed. 

Reactions 

(1) Oxidation. The oxidation of benzophenone destroys one of the 
benzene rings; benzoic acid Is one of the products secured in this way. 

(2) Reduction. By partial reduction, benzohydrol is produced; com- 
plete reduction of benzophenone yields diphenylmethane: 

Redn Redn 

(C6H6)2C0 > (C6H6)2CH0H > (C6H5)2CHs 
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( 3 ) Phosphorus pentachloride acts in the typical manner replacing oxy- 
gen by chlorine: 

(C6Hb)2CO + PCI5 — > POCI3 + (C 6 Hb) 2 CC 12 Benzophenone dichloride 

( 4 ) Fusion with potcissium hydroxide disrupts the molecule of benzo- 
phenone, resulting in the production of benzene and benzoic acid (salt). 



..n 


A 


-C— OK 


.n 




(5) Beckmann RearrangemenL The oximtvs of benzophenone and other 
compounds of its class, when treated with P(lr, (followed by treatment with 
water), or with other acidic agents, undergo a remarkable shift or rearrange- 
ment, which transforms them to isomeric amides. The equation below 
shows this change as it takes place with benzophenone oxime: 


NOII 



Benzoplienone oxime 



Benzanilide 


Due to the influence of the reagents used,, a shift occurs between the Oil 
group and one of the aromatic groups. 

This molecular shift, known as the Beckmann rearrangenuMit, has been 
most intensively studied, but it is not yet thoroiiglily understood. The 




various theories in regard to the mechanism of the reaction will be found in 
the more advanced texts of organic chemistry. 

In the case of many unsymmetrical ketones two oximes are known (two 
oximes are possible in all such cases, but often only one has been discov- 
ered).* Where these substances exist, they are probably related to each 
* When the radicals attached to carbonyl are quite different from each other as in an 
aliphatic-aromatic oxime, only one form is produced. 
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other as cis-trans isomers. We have the phenomenon of restricted rotation 
in cases in which carbon -carbon, carbon -nitrogen, or nitrogen-nitrogen are 
joined by a double bond. This was taken up on page 59 and more fully 
on page The space formulas for two isomeric kctoximes according to 

this ex]^lanation are shown in Figs. 85 and 86.* 

The oximes of an iin symmetrical ketone like phenyl tolyl ketone would 
be shown in flat formulas as follows: 


HO N 

N OH 



H3cl^ 

ii3(y 

*7/ « - P- Tol 3 ' 1 p ] 1 eiiy 1 

«w/f-p-Tol.\'l phenyl 

k(*t oxime {rift) 

keloxime ran ft) 


The nomenclature is that commonly emi)loyed. In the anti {trans) 
compound the key groups (tolyl and hydroxyl) are on opposite sides of the 
nitrogen atom, whih‘ in the ffyn- (cis) compound they are on the same side. 

It has been found that in the Beckmann transformation the shift occurs 
V)etwecn the hydroxyl group of the oxime and the aromatic radical in the 
trails position. The reaction, therefore, enables us to determine the struc- 
ttire of the oximes of an unsymmctrical ketone. By inspection of the 
accompanying graphs it will be seen that the anti oxime, when subjected to 
the Beckmann reaction would yield the toluldide of benzoic acid: 

CHa-CeHr-C— Cells HOC— C0H5 0=C— Cells 

t II II I 

NOH NC6H4— CHs HNCsHiCHs 


while the syn oxime would in its turn yield the anilide of toluic acid: 
CHir-C6H4C— Cells CH3— C6H4COn CH3C6H4C=0 


HON 


C6H5N 


C6H5NH 


The nature of the substance secured in instances like the above is deter- 
mined by the hydrolysis of the final products. In the first example cited, 
the hydrolysis would give toluidinc and benzoic acid, whereas in the second 
case we would get aniline and toluic acid. These examples illustrate how 
the Beckmann transformation serves to distinguish between isomeric 
ketoximes. 

* The models are somewhat distorted in order to accentuate the difference in structure 
between them. 
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The number of possible isomeric oximes increases with a diketone. 
Thus for benzil, the following are possible: 

Two monoximes. 


O HON O NOH 

II II II II 

Cells- (; C— CeHs CeHs— C— C- (^eTIb 

Three dioximes. 

NOH IION HON NOH NOH NOH 

II II II II II II 

Cells— C C— Cells Cells— C- C- - Cells CoHs— C - C- CeHs 

It is obvious that if one of the benzene rings were substituted, thus 
rendering the original compound unsymmetrical, the possible number of 
oximes would be larger. 


Quinones 

The discussion in this chapter to the present has shown that oxidation of 
primary and secondary alcohols whose carbon atom lies outside an aromatic 
ring, produces from them the aldehydes and ketones of the aromatic series. 
When the hydroxyl group is attached to a nuclear carbon, as in phenol, 
we have seen that oxidation gives different products according to the experi- 
mental conditions, often causing decomposition of the molecule. 

p-Benzoquinone. With p-dihydroxybenzene, however, the case is other- 
wise. Its oxidation produces a derivative known as quinone, which evi- 
dently has two carbonyl groups, since it can form a dioxime. Moreover, 
the new compound may again be reduced to p-dihydroxybenzene, this stand- 
ing as sufficient indication that the C=0 groups produced in the oxidation 
are para to each other, also that the benzene ring has remained intact during 
the oxidation. The formula of quinone, C6H4O2, also testifies that the 
benzene ring has not been broken. 

As the carbon atoms which form the C =0 groups are also in the benzene 
ring itself, it is impossible that the new compound can have an arrangement 
of double and single bonds like that in benzene (benzenoid) ; this is precluded 
by the tetra valency of carbon. We are thus introduced to a new type of 
ring,( called the quinone or quinonoid type, shown below; 


OH O 



Benzoquinone, 

Quinone 
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Quinone is a yellow crystalline compound, having a penetrating and 
irritating odor. It is slightly soluble in water, quite soluble in alcohol, 
ether, etc., and volatile in steam. As stated above, it may be made by 
oxidizing p-dihydroxybenzenc. It also results when benzene para deriva- 
tives such as p-aminophenol, p-phenolsulfonic acid, p-phcnylenediamine, 
etc., are oxidized. In the laboratory, quinone is sometimes made by the 
oxidation of aniline with potassium dichromate and sulfuric acid. The 
oxidation is quite complex. Polynuclear compounds related to dyes are 
formed, whose further oxidation is responsible for the production of quinone. 
A smoother synthesis results when hydroquinonc is oxidized with potassium 
bromate. In the commercial production, benzene is electrolytically 
oxidized. 

Quinone is included in this chapter because it has the C=0 groups 
common to aldehydes and ketones. It forms both a monoxime and a 
dioxime, thus resembling a ketone. Hovrever, its reduction does not give 
the group =CHOH found in secondary alcohols, but produces instead 
hydroquinonc, in which we have the grouj) ^COH found in tertiary alcohols. 


II OH 

OH \/ 



Moreover, when treated with phosphorus pentachloride, oxygen is not 
replaced by two chlorine atoms, but by one only: 


Cl Cl 

Cl \/ 



In each case, the quinone ring reverts to the benzene structure. 

Quinone can add halogens or react by substitution, according to the 
experimental conditions. Chloranil, tetrachloroquinone, may be made by 
chlorination of quinone, or by action of potassium chlorate and hydrochloric 
acid upon aniline, phenol, p-phenylenediamine, and other compounds. 
It is an efficient oxidizing agent, used in the dye industry. Recent experi- 
ments have shown that chloranil is a seed protectant (fungicide) and growth 
stimulant for peas. 
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O 

II 


ci/\ci 



Chloranil 


Quinonc is, then, a derivative whose reactions are unique. As was the 
case with benzene, the reactions cannot be exactly predicted from the struc- 
ture assigned to the compound. It does not behave entirely like a ketone, 
nor like an ethylene compound. The novel structure of quinone is supposed 
to account for its possession of color (yellow), especially as we note that 
many colored organic compounds and dyes possess rings of the quinone 
type.* 

o-Benzoauinone. The (‘areful oxidation of o-dihydroxybenzenc yields 
n-benzoquinone : 



o-Benzoquinone 


which is a red, odorless, crystalline, and non-volatile compound. Meta 
quinones cannot exist if they are to have structures like those of the o- and 
^-compounds. 

Review of Reactions. The reactions of ^-quinone may be summarized 
as follows: 

(1) Oxidation of quinone with silver peroxide yields maleic acid with 
other products. This may be considered as a confirmation of the structure 
which has been assigned to quinone. 


O 

I! 

A 

I I 
V 

ii 

o 


Oxid 


r 

HC— C— OH 


,0 

-01 

.0 


r 

HC— C— OH, etc. 


(i) Reduction is easily effected, with simultaneous change to the benzene 
type of nucleus : 

* For a definition of the term quinone,” see J» Am, Chem, Soc,^ 62, 757 (1940)^ 
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Julius Stieglitz, (1867-1937, Ameri- 
can.) Stieglilz’s early work was done 
with Hofmann, Tiemann, and Victor 
Meyer. He was interested in the mecha- 
nism of organic reactions and in the 
application of physical chemistry to 
organic chemistry. He worked with 
rearrangements, chromoisomerism, and 
electron theory. Stieglitz was for many 
years in charge of the department of 
chemistry of the University of ChicJigo. 
He was an excellent administrator. In 
addition he undertook editorial work 
{Chemistry in Medicine)^ for which he had 
undoubted gifts. He was one of the out- 
standing teachers of his time. See 
J. Ind, Eng. Vhem., 9, 118 (1917), 24, 587 
(1932); J. Am. Chem. Nor., 60, 3 (1938). 




Marston T. Bogert. (American, 
1868- .) Research on quinazolines, 

thiazoles, relation between odor and 
structure, and numerous other projects in 
all parts of the field of organic chemistry. 
Bogert has done an unusual amount of 
administrative work, heading many im- 
portant national and international com- 
mittees and commissions dealing with 
work of importance to American Chemis- 
try. See Ind. Eng. Chem., 26, 591 (1933). 
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OH 


1 1 

Redn 

' AN 

1 1 

> 





o 

Quinone 


Oil 

flydroquinone 


Because of its easy reduction, quinone is used as an oxidizing agent. Chlo- 
ranil is also valuable in this way in situations which bar the use of inorganic 
oxidizing agents. 

(3) Halogens give both addition and substitution compounds with 
quinone as already mentioned. 

(4) Phosphorus pentachloride yields p-dichlorobcnzene. 

(5) With hydroxylamine^ quinone forms quinone oxime, and quinone 
dioxime : 


NOH 

A 


Quinone oxime 


NOH 

A 


o 


\/ 

II 

NOH 


Quinone dioxime 


The monoxime is identical with jo-nitrosophenol, which is also produced by 
the action of nitrous acid upon phenol. It passes by oxidation to p-nitro- 
phenol. Quite evidently then, these compounds are tautomeric, the change 
from one to the other involving not only the migration of a hydrogen atom, 
but the alteration of ring type as well. The similarity with cases of keto- 
enol tautomerism already considered will be evident on inspection of the 
structures of the two compounds, quinone oxime and nitrosophenol : 


O 


OH II 



The second of the above structures is considered more suitable for the com- 
pound, because quinone dioxime is formed from it, and because of its color, 
which accords better with quinone than with benzene structure. 



ABOMATIC ALDEHYDES, KETONES, AND QUINONES 


565 


There are many known instances of tautomeric shift in which a “ben- 
zenoid” ring becomes “quinonoid.” Usually there is a deepening of 
color with the shift. This phenomenon is important in connection with 
the study of dyes. 

(6) Addition compounds. Quinone forms addition compounds with a 
number of aromatic substances. The structure of most of these is uncertain. 

An example is phenoquinone formed from phenol and quinone. Quin- 
hydrone is a green crystalline compound, formed by reaction of equal moles 
of quinone and hydroquinone. A practical use of the compound is for elec- 
trical determination of hydrogen ion concentration (quinhydrone electrode). 

Quinones of Aromatic Compounds 

In addition to benzene and its homologs, other aromatic compounds 
may yield derivatives of the quinone type, i.e., having C=0 groups integral 
with their ring structures. The formulas of several of these are given on 
pages 597, 598. 

Naphthalene. Following are the three known quinone forms for 
naphthalene. 

a-Naphthoquinone, 1,4-Naphthoquinone. This compound is formed 
by the oxidation of naphthalene. Like benzoquinone, it is colored yellow, 
sublimes readily, and is volatile in steam. Its odor is pronounced. Vitamin 
K (page 754) is a derivative of this quinone. 

O 

II 

a-Naphthoquinone 

() 

/9-Naphthoquinone, 1,2-Naphthoquinonc. Made by oxidation of the 
corresponding /8-amino-a-hydroxynaphthalene. This substance resembles 
o-benzoquinone in being odorless and non-volatile. Its color is red. 

O 

/S-N aph thoquinone 

ampAi-Naphthoquinone, 2,6-Naphthoquinone. Prepared by oxidation 
of the corresponding dihydroxynaphthalene. This is a red, odorless, non- 
volatile compound. 
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am ph i -N aphth oc j u i n one 


Other quinone-typ(‘ compounds are anthraqulnone, accnaphtheiie- 
quinone, and phenanthrenccjuinoiie, which will be discussed later. 

REVIEW QUESTIONS 

1. Write graphic formulas for the following: (a) Benzohydrol; (b) o-Toliialdehycle; (c) 

o-Chlorobenzophenone; (d) p-Tolyl phenyl ketone; (e) Ilydrobenzoin. 

2, Write equations for the formation of benzaldehyde (three methods) and for its reactions 

with: (a) Hydroxy laniine; (b) NII3. 

S. Show structures of the derivatives secured by the reaction of benzaldehyde with: (a) KCN 
solution; (b) A reducing agent; (e) II 2 SO 4 ; (d) Phenol; (e) Propionaldehyde (see page 
149). 

4. Write equations for the formation of the following derivatives from benzaldehyde: (a) 

Benzoic acid (two methods); (b) Desoxybenzoiii ; (c) Dibcnzalacetone; (d) Cinnamic 
acid. 

5. Illustrate by the use of equations two methods of preparing an aromatic ketone. 

(R)(). Write sequences of equations for the preparation of the following compounds, (a) 
Phenyl benzyl ketone; (b) p-Chlorobenzophenonc; (c) Ethyl-p-chlorophenyl ketone. 

7. Give equations for two reactions of acetophenone which are common to acetone. 

8. Write equations for the action of the following reagents upon acetoi)henone : (a) HCN; 

(b) NIbOll; (c) CoHsNHNIb. 

9. Show two met hods by which benzoic acid may be produced from benzophenone. 

10. Show structures of the oximes of phenyl p-chlorophenyl ketone and explain how they could 

be identified through the use of the Beckmann transformation. 

11. Discuss the isomerism of the benzahloximcs. 

12. How many oximes could theoretically be formed by benzoin? 

13. Cite two reactions of quinone which support the ethylene structure for this compound, and 

one which is unusual for such a structure. 

14. Show by equations the methods by which the following compounds may be prepared: 

H 

(a) CcHsC— CIIaOH; (b) C 6 n 5 CH=C(CH,)— C=0; (c) C 6 H 6 CH 2 — CH^— ('— Oil. 

15. Set down in the form of a table those propertms and reactions which distinguish from each 

other: quinone, benzaldehyde, acetophenone. 

16. How would you proceed to separate a mixture of benzophenone and toluic acid? Of 

acetophenone and toluene? 

17. How make: (a) Benzene from o-ethyl-benzaldehyde ? (b) Benzamide from benzaldehyde? 

(c) Benzanilide from acetophenone? 

18. How should the following compounds be converted to benzaldehyde: toluene; benzoic 

acid; benzyl alcohol? 

19. Show by the use of equations how to convert benzaldehyde to toluene; to benzoyl chloride. 

20. In view of the results with anethole and isoeugenol, what should be formed by mild 

oxidation of cinnamic acid? 

21. Which of the hydrocarbons listed on page 408 might give benzaldehyde on gentle oxidation? 

22. A certain substance which is not oxidized by air undergoes such oxidation when mixed 

' with benzaldehyde. Offer an explanation for this. 
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23. Show by a diagram the formation of triphenylbenzene by tlie self -condensation of aceto- 

phenone. 

24. Which of the methods presented for making benzophenone is, in your opinion, the least 

desirable? Why? 

25. Show Vjy the use of equations the various rearrangements listed in this chapter. 

2f). Dimethylquinone may be formed by the self-condensation of biacetyl. Show how this 
proves the stnu^ture of the quinone ring. 

27. Show how to make l-methyl-2-propyl-benzene from phenol. 

28. Write equations showing liow to make: (a) Propyl phenyl ketone (by heating of the proper 

salts); (h) p, 7 ;'-Diethyl benzophenone from ethylbenzene, etc. 

29. A compound of formula (^ 1170(1 reacts with HCN and with NII>OH. It is capable of 

reduction. Its oxidation yields p-chlorobenzoic acid. Use these facts to establish a 
probable structure for the compound. 

30. Show by etjuations the synthesis of coumarin from toluene and any net;essary inorganic 

and aliphatic organic compounds. 

31. List the reactions given in this chapter which arc named for chemists. 

32. Make a table of compounds listed in this chapter, putting in st^parate lists the compounds 

used for perfumes, for oxidizing agents, for identification of aldehydes and ketones, for 
other purposes. 

33. What physical and chemical properties are of use in characterizing an aromatic aldehyde 

such as benzaldehyde? What derivative should be usc‘d in the identification? 

34. Apply question 33 to a ketone of the type of acetophenone. 

35. Write equations for the following preparations. 

(a) w-Nitrobenzaldehyde from benzene; 

(b) llydrobcnzamide from toluene; 

(c) Acetanilide from benzaldehyde; 

(d) Phenacyl chloride from benzene; 

(e) from benzene. 

30. What compounds should be formed by interaction of the following substances? 

(a) Anisaldehyde, acetic anhydride, and sodium acetate; 

(b) Benzoin and excess phenylhydrazine; 

(c) Salicylic aldehyde and acetaldehyde; 

(d) o-Cresol, chloroform, and NaOH solution; 

(e) p-Toluic aldehyde and crold concentrated KOII solution. 

37. An organic compound of formula CiJIisNOa was treated wdth Pf'l&.and subsequently 

wdth NaOH solution, etc. It w’as possible in this way to isolate aniline and p-methoxy- 
benzoic acid. What was the original compound? 

38. How cendd the following mixtures be separated into the pure components? 

(a) Benzaldehyde, butyl ether, chlorobenzene; 

(b) o-Tolualdehyde, benzoic acid, n-octane; 

(c) Nitrobenzene, benzaldehyde, carbon disulfide; 

(d) Acetophenone, dimethylaniline, benzoic acid. 

39. The organic compound (A) which contains 71.39% C, 5.03% H, 7.32% O, and 16.24% Cl, 

may be oxidized to the compound (B) which has the same formula as (A) minus two 
hydrogen atoms. Reaction of (B) with hydroxylamine gives a solid which is submitted 
to the Beckmann reaction, followed by hydrolysis. Aniline and 7>-chlorobenzoic acid 
are isolated in this experiment. Bxplain how* these facts help to clear up the .structure 
of (A). 

40. Some of the bottles on the B-shelf of the organic stockroom have lost their labels. It is 

known that the bottles contain the following pure substances: benzaldehyde, benzamide, 
benzene, benzenesulfonyl chloride, benzoic acid, benzonitrile, benzoyl chloride. 
Describe briefly but in sufficient detail how each of these might be identified for 
relabeling. 



568 


TEXTBOOK OF OEGANIC CHEMISTRY 


LITERATURE REFERENCES 

1. Holloway and Kbase. Synthesis of benzaldehyde from benzene and carbon monoxide 

under pressure. 1ml. Eng. Chem., 26, 497 (1933). 

2. Milas, Auto-oxidation. Chcm. Rtm., 10, 295 (1932). 

3. Blatt. The Beckmann rearrangement. Chem. Rcv.^ 12, 215 (1933). 

4. Franklin. The IIofmann-Beckmann-Curtius-Lossen rearrangements. Chem. Rev., 14, 

219 (1934). 

5. Taylor and Bak::r. Organic Chemistry of Nitrogen. Oxford, 1937, 175. (Oximes, 

Beckmann rearrangement.) 

6. Porter. Molecular Rearrangements. Chemical (^atalog ('o., 1928, 13. (Migrations 

from carbon t,o nitrogen.) 

7. Clark. Determination of Hydrogen Ions. Williams and Wilkins, 1928, 404. (Quin- 

hydronc and similar half-cells.) 

8. Michaelih. Semiquinones. Chem. Rev., 16, 243 (193.5). 

9. Anderson and Geiger. The tautomerism of quinoneoxirae and p-nitrosophenol. J, 

Am. Chem. 64, 3064 (1932). 

10. Mc(vOY. Synthesis of qiiinonc. J. Chem. Education, 14, 494 (1937). 

11. Sprung. A summary of the reactions of aldehydes with amines. Chem. Rev., 26, 297 

(1940). 

12. Blatt, The Fries reaction. Chem. Rev., 27, 413 (1940). 

13. Brbslow and Hauser. The condensation of the anhydride with the aldehyde in the 

Perkin synthesis. J. Am. Chem. Soc., 61, 786 (1939). 

14. Hauser and Breslow. The mechanism of the Perkin synthesis. J. Am. Chem. Soc., 

61, 793 (1939). 

15. Adams. Organic Reactions. Wiley, 1942, 210, 342. (Perkin reaction. Fries reaction.) 

16. Williams, Dickbkt, and Krynitsky. Ketene in the Friedel- Crafts reaction. II. The 

use of mixed acetic anhydrides. J. Am>. Chem. Soc., 63, 2510 (1941). 

17. Bachmann and Barton. The relative proportions of stereoisomeric oximes formed 

in the oximation of unsymmetrical ketones. J. Org. Chem., 3, 300 (1938). 



CHAPTER XXIX 


GRIGNARD AND FRIEDEL-CRAFTS REACTIONS 
Grignakd Reaction 

In 1899 Barbier first noted that in the reaction between methylhepten- 

H 

one, (CH3)2C=C — (CH2)2 — C — CH3, methyl iodide, and magnesium, in 
ether solution, a compound of formula CHsMgl seemed to have been 
created, which then reacted with the ketone. The final product was the 

H 

tertiary alcohol, dimethylheptenol, (CH 3 ) 2 C==C(CH 2 ) 2 ~ C(CH 3 ) 2 . Alkyl 

OH 

magnesium compounds like dimethylmagnesium, Mg(CH 3 ) 2 , and diethyl- 
magnesium, Mg(C 2 H 6 ) 2 » had been known before this time, but their prepara- 
tion and use in synthetic work was a troublesome procedure. 

' Victor Grignard in 1900 began the investigation of the possibilities of 
compounds of the type RMgX in synthetic work, which has since that 
time enlisted the interest of scores of researchers, because of the constantly 
enlarging sphere of usefulness of these compounds. 

Preparation. In preparing the Grignard reagent an alkyl or aryl 
halide, dissolved in perfectly dry ether, is added to the calculated amount 
of clean magnesium turnings, which are covered with pure dry ether and 
contained in a flask under an efficient reflux condenser. Iodides and 
bromides are apt to enter into reaction more readily than the chlorides, 
while certain aryl halides do not react spontaneously. A few crystals of 
iodine, or a small amount of methyl iodide, often suffices to start the reaction 
when it does not set in of itself. 

RX + Mg RMgX 

The reaction is exothermic, and once started it frequently tends to go out 
of bounds, and requires cooling to prevent a too violent boiling of the ether. 
The magnesium compounds are soluble in ether, and the further use of these 
reagents does not require their isolation; the ether solution is used directly, 
after separation from the few scraps of magnesium which may be left. 

The Grignard reagent can form in the absence of a solvent. It can also 
form in an inert solvent such as benzene. However the reaction proceeds 
more smoothly in an ether. Ethyl ether is probably used most often, 
though higher ethers are suitable, including anisole. 

569 
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It is supposed that the Grignard reagent and the ether combine. Thus, 
the addition of a Grignard compound to ether liberates heat; also when an 
ether solution of Grignard reagent is evaporated a solid “etherate” is 
obtained, from which the ether can be removed only with great difficulty, 
as by heating to 100° or a higher temperature. However, in spite of the 
effort expended in research, the nature of this combination is still unknown. 

The Grignard compound apparently exists in solution in equilibrium 
with magnesium dihalide and <lialkyl (diaryl) magnesium compound: 

2RMgX ^ R2Mg + MgXa 

It is possible that other equilibria also are present; it is, however, satis- 
factory for our purpose to give the Grignard compound the formula RMgX. 

A possible loss in yield during a Grignard reaction is due to the tendency 
of the Grignard com])lex to act as a reducing agent. For example, a 56% 
yield of benzyl alcohol can be obtained from reaction of benzaldehyde and 
isobutylmagnesium bromide; ethylmagnesium bromide gives 60%.* 

The formation of the Grignard rc^agent with alkyl halides is hindered by 
a side-reaction similar to the Wurtz reaction : 

2RI + Mg Mgl2 + R— R 

Even slight traces of moisture encourage this reaction, hence all reagents 
must be most carefully dried. Air (oxygen) must also be excluded. The 
tendency to undergo the Wurtz reaction is least for the alkyl chlorides and 
greatest for the iodides, and it increases with length of alkyl chain and with 
branching of the chain. 

The second step of a Grignard reaction consists, of the mixing of the ether 
solution of the prepared reagent with the desired aldehyde, ketone, or other 
substance. Dilution of the latter with ether before the mixing is often 
desirable. The reaction at this point is sometimes strongly exothermic. 
When it is complete, the resultant mixture is treated with cracked ice until 
decomposition is effected. The precipitation of magnesium salt is avoided 
by the addition of hydrochloric or other acid. Finally the desired reaction - 
product is removed and purified by distillation or otherwise, according 
to its properties. 

Carbon dioxide, oxygen, and moisture must be excluded during the 
Grignard reaction up to the hydrolysis phase. It will be inferred from the 
description above that the Grignard reaction is not well adapted to large- 
scale industrial work. This situation arises partly from the technical 
difficulties involved, partly from the cost of the magnesium. A few indus- 
trial applications are known. 

Grignard reagents are decomposed by substances containing OH and 
NH 2 groups, and they add to the C==0 group and other similar unsatu- 

* This action may be due to the Grignard reagent or to another compoimd formed in the 
course of the reaction. 
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rated unions. They also react with inorganic salts of mercury, antimony, 
lead, and other metals. In the following review of these reactions the 
Grignard reagents are shown as simple compounds, not as oxonium salts. 
I'his is common practice, since it makes for simplicity; it is justified by the 
fact that the ether is not actively consumed in the ensuing reactions. 

Syntheses with the Ghignakd Reagent 

(1) Formation of Hydrocarbons. The Cirignard re^agent is decomposed 
by water, alcohols, phenols, or amines, thioalcohols, acetylenic compounds; 
ill each case liberating the hydrocarbon corresponding to its alkyl or aryl 
group. 


EtMgl + HoO MgOlI I + C2H6 
EtMgl + Eton MgGEi 1 + C Jh 
2EtMgBr + JI5OH Mg(OG6H5)‘2 + MgBra + 

EtMgl + RNH2 NHR— Mgl + C.He 

The Grignard reagent is used to <letect amino, hydroxyl, or thiol groups 
in a compound, and may also be employed to estimate their number. The 
compound is heated with methylmagnesium iodide in a suitable solvent, and 
the evolved methane is measureil (Zerewitinoff method). 

As has been stated the Grignard reagent can form a hydrocarbon by 
following the order of the Wurtz reaction. It differs from the Wurtz reac- 
tion in tliat different or similar radicals may be united with equal simplicity; 
in the Wurtz reaction the use of different radicals reduces the yield through 
the formation of by-products (page 81). 

R— Mg- X + XR' MgX > + R-R' 


A modification of the reaction, using esters of toluenesulfonic acid gives 
better yields: 

) >S03ir + RMgX -> H3C<(^ )>S03MgX + R— ir 

An ethylenic compound (a 1-alkene) may be formed by reaction with an 
allyl halide: 

RMgBr + CHs—CHCHoBr MgBrz + RCH2CH=CHo 

Triphenylmethane may be synthesized from phenylmagnesium bromide 
and chloroform : 

HCCb, + SCclT6MgBr->3MgBr( 1 + (CoHrOsCH 
Tetraphenylm ethane is made as follows but in very small yield: 

(C6H6)3CC1 + CeHgMgBr ^ MgBrCl + (C6H5)4C 
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Methyl sulfate may be used to introduce the methyl group into a hydro- 
carbon through the Grignard reaction: 

2(CH3)2S04 + RMgX CHaX + (CH 8 OSO 2 0)2Mg + R CHs 

(2) Addition Reactions of the Grignard Reagent, Etc 
(a) Additions to the C===0 group. 

Primary alcohols are formed from the action of formaldehyde (or better, 
trioxymethylene) and Grignard reagents: 


H O— MgiSi OH 

H \ / I / 

HC=0 + CiHsMgBr C ■ HOiH ^ Mg— 13r + 


/ 

H 


CH3CH2CH2OH 


Note that there is a certain analogy between this reaction and the reaction 
between an aldehyde (ketone) and HCN, HNII 2 , etc. The more i)ositive 
part of the Grignard reagent attaches to the oxygen atom, and the more 
negative part to carbon. 

A primary alcohol with two additional carbons is formed by the use of 
ethylene oxide: 

CeHsMgX + H2C CII2 ->> H2C - CH2 

\ / I \ , 

O Cells O—iMgXi 

' HiO^ 

^ CeHsCHaCH^OH 


The by-product in the final hydrolysis of Grignard intermediate com- 
X* 

pounds is always Mg — OH. For this reason only the organic compound 
formed in each case is shown as a product of the reaction in the equations 
which, follow. 

Secondary alcohols. These are formed from the Grignard reagent and 
an aldehyde other than formaldehyde: 

O— MgBr CH3 

H H/ \H 

CH8C===0 + CHaMgBr CH3C HO H C— OH 

\ — -> / 

CHs CHa 

When Grignard reagents combine with esters of formic acid, secondary 
alcohols are formed: 

* In the presence of a mineral acid the OH ion is suppressed, and the solution contains a 
magnesium salt of the acid concerned. 
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OMgX 

/ H 

HCOjEt + RMgX HC -> RC=0 + MgX(OEt) 

A^OEt 

o|Mp:i 

H ,/ 


RC=0 + RMgX RC 
H\ 


H 


HOiH RjCOH 


R 


Tertiary alcohols result from the action of ketones with the Grignard 
reagent : 


CHs 


CHs 


\ 

/ 


CHa G— iMgBr 


C==0 + CaHaMgBr 


\ / 

€ 

/ \ 

CHa Calla 


HO 


CHa OH 

H \ / 

C 

/ \ 

CHa CsHa 


This reaction frequently produces an unsaturated hydrocarbon, due to loss 
of water by the tertiary alcohol. 

Example : 


Cellh CHa Cells 

\ / A \ 

C HaO + C=CHa 



When this outcome is desired it can usually be brought about by simple 
means; or, by varying the experimental conditions, it may be avoided in 
many cases. 

Reaction of Grignard compounds with esters (not formates) or organic 
acids, also gives tertiary alcohols. 

Acid chlorides give both ketones and tertiary alcohols^ the relative propor- 
tions being determined by the nature and concentration of the reactants, 
(b) Addition to CN group. 

Ketones are made from the reaction between nitriles and the Grignard 
reagent: 

HaO 

C 6 H 5 CN + CHaMgl CeHaCN— jMgii C 6 H 5 C=NH > 

I HiOHi 1 

CH 3 CHa 

NHa + C6H5C==0 

I 

CH, 
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(c) Addition to SO2. The reaction produces a sulfinic acid: 

RMgX + SO2 KSO2- MgX; RS— OH 

H — iOH J 

(d) Other addition reactions, etc. Carbon dioxide and carbon disulfide 
react alike toward the Grignard reagent. The former produces a carboxylic 
acid,: 


CaHhMgl + CO2 ^ C2H5C 




o 


\ 


CsHsC 


/ 


O 


o— 

H 


Mgl 

OH 


\ 


OH 


From carbon disulfide we obtain the carbodifhiuic acids: 


CeHsMgBr + CS2 -> CeH^C 




CsHbC 




-;MgBr 
H— ;OH 


SH 


With oxygen, alcohols and 'phenols are formed : 


aCeHBMgBr + O2 -> aOeliB— O— iMg— Br: 


II- 


OH 


^CbIIb— OH 


Alkylmagnesium halides give alcohols in good yield upon oxidation, but 
the arylmagnesium halides give small yields of phenols. Sulfur reacts 
analogously; the yield of thiophenol is good. 

(e) It is possible in certain cases to form esters from the Grignard 
reagent, by employing the esters of chloroformic acid : 


CellsMgBr + CIC 


\ 


,0 


MgBrCl + CellsC 


/ 


O 


OEt 


\ 


OEt 


Other methods are also used. 

(f). Ethers are formed as follows: 


RMgX 4 - XCH2OR' MgX* -I- RCH2OR' 

( 3 ) Organometallic Compounds. Alkyl and aryl derivatives of many 
metals may be obtained by use of the Grignard reagent as illustrated 
herewith : 

HgCU + aCJIsMgBr 2 MgBrCl + Hg(C«H6)2 
2 PbCl* -t- 4 C*H 5 MgBr Pb - 1 - 4 MgBrCl -|- Pb(C2HB)4 Tetraethyllead 
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Further examples of such reactions will be found in the section on organo- 
metallic compounds, page 325, 

The above equations show some of the many applications to synthetic 
work of the Grignard reaction, and sufficiently indicate its versatility. 
For further possibilities of this important reagent, the student is referred to 
the technical journals and larger texts. 

The Friedel-Crafts Reaction 

The basis of this important aid to organic synthesis is the reaction which 
takes place between an aromatic hydrocarbon and an aliphatic halogen 
compound, in the presence of dry aluminum chloride,* by means of which 
liydrogen halide is split off, and a new derivative is formed. The reagents 
are brought together in carbon disulfide, petroleum ether, or some other 
anhydrous solvent. If an inexpensive liquid hydrocarbon is one of the 
reactants, an excess of this may be employed for solvent purposes. In 
industrial applications the reaction is often carried out in a mill in which 
the solid reactants are ground and intimately mixed, any liquid reactant 
being added from time to time. This method allows close control of the 
temperature and is economical since very little or no solvent is employed. 

At tlie close of a Friedel-Crafts reaction the complex aluminum com- 
pounds are hydrolyzed with cold water and acid, and the product is isolated 
by a suitable method (distillation, etc.). If a very small amount of alu- 
minum chloride has been used in the reaction the hydrolysis may be omitted ; 
in some cases of this kind the catalyst may be separated and reused. 

Hydrocarbons and derivatives of the benzene, naphthalene, and other 
aromatic series participate in this reaction with alkyl halides, and with 
the acid chlorides of both the aliphatic and aromatic series. Several 
important classes of substances result from the reaction.* These are: 

(1) Homologs of benzene. Toluene is formed when aluminum chloride 
acts upon a mixture of benzene and methyl chloride: 

AlCla 

CeHe + CHaCl HCl + CeHgCHs 

By continued action xylene is formed, and even three or more side-chains 
may be introduced. Such a mixture is separated into its components by 
fractional distillation. It must also be noted that this reaction is reversible; 
xylene, boiled with aluminum chloride in benzene solution, reverts in part to 
toluene, the latter again producing benzene and xylene. Hexamethyl- 

* This description refers to the original conception of the Friedel-Crafts reaction. The 
scope of the reaction has been so much increased that it would now be better to speak of Friedel- 
Crafts “Syntheses.’* The method has now b'?en applied to aliphatic compounds, and with an 
increasing number of successful syntheses in this field the original “aromatic” conception will 
probably be lost. For examples of aliphatic reactions, see References 13 and 20. An example 
of a reaction not covered by the original conception of the Friedel-Crafts reaction is that 
between an aromatic acid and an aromatic hydrocarbon. 
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benzene, if mixed with aluminum chloride and heated in a current of hydro- 
gen chloride, loses its methyl groups in succession, forming finally, benzene. 

Olefins may also be condensed with rings to give benzene homologs: 

AlCla 

CHz—CHa + Celle > C 6 II 5 C 2 H 5 , also Cell4(C2H6)2, etc. 

Other effective catalysts for this synthesis are boron fluoride or 90-100% 
sulfuric acid. 

Aryl halides will not react with aliphatic hydrocarbons, i.e., phenyl 
chloride will not react with methane to yield toluene; however compounds 
like benzyl chloride, in which the halogen atom forms part of a side-chain, 
and which as we have stated are essentially aliphatic in nature, do take part 
in the Fricdel-Crafts reaction. 

Aromatic nitro compounds do not take part in the Fried el-Crafts 
reaction, nor do benzoates. Certain other compounds with “negative” 
groups will not react.* If the Friedel-Crafts reaction is carried out with a 
substituted ring the orientation of the entering group is usually “normal.” 
But there are exceptions and this cannot be taken for granted. Alkyl 
halides with long chains usually rearrange during the reaction to give a 
branched-chain halide. This restricts alkylations to the use of short chain 
(methyl and ethyl) halides. Variables affecting the course of a Friedel- 
Crafts reaction are the temperature, the solvent, the catalyst, and the 
reactants. 

(2) Other hydrocarbons. The use of benzyl chloride with benzene leads 
to the production of diphenylmethane: 



Diphenyl- 

methane 


Diphenylethanc is produced by the reaction between ethylene dibromide and 
benzene : 


Hz Hz 

H + Bii— C— C— iK'+Hi, 


2HBr + 


Hz Hz 
C— C- 


Diphenylethane 


* It has recently been shown that chloronitroparaflfiins may be used in a Friedel-Crafts 
reaction with benzene. An example is: 


Celle + CICH2CH2CH2NO2 


^ HCl -i- CeHeCHsCHjCHzNOj 


This application of the Friedel-Crafts reaction has very interesting possibilities. 
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With benzene and chloroform we get triphenylmethane: 


SCeHe + HCCI 3 


CeHs 


AlCl, \ 

> 3HC1 + CeHs—CH 


CeH 


/ 


Triplienyl- 

methane 


Carbon tetrachloride does not yield tetraphcnyl methane when brought into 
reaction with benzene. The compound may, however, be made by other 
means (page 571). 

If the side-chain on a ring has the proper length to yield a stable ring 
(page 610), ring closure may occur: 


^^CHsCHsCHaCHjCl 

v 


AlCl, 

*• HCl + 


2 

'Ha 


Ha 
Tetralin 


CHaCHaCHaCHaCHaCl 


Ha 



Aluminum chloride is a valuable reagent for inducing the condensation of 
aromatic rings (Scholl reaction). An example is seen in the conversion of 
phenyl or-naphthyl ketone to benzan throne: 



Benzanthrone 


(3) Ketones, (a) Ketones are formed by the action of acid halides 
(aliphatic or aromatic) upon aromatic hydrocarbons. An example of 
sach type is given: 
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Acetophenone 
(mixed ketone) 



+ 


c 


/ 


o 


AX 'I, 

> IK'l + 



C«H5 


IJenzophenone 
(simple ketone) 


(b) The use of phosgene may lead to the formation of an aeid chloride 
(see p. 522), or a simple ketone: 


O O 

II AlCls il 

CeHs-H + ClCCl + II CeHo > 2nci + C,ll,CC,nu 


(c) Acid anhydrides also give ketones: 

AlCh 

2C6Ho + (CH3C0)20 >2HC1 + 2 CRII 5 COCII 3 , etc. 

In this reaction the aluminum chloride appears to act as a chlorinating 
agent, converting the acid anhydride to acid chloride, which then reacts in 
the normal way. (d) A carboxylic acid treated with a ring compound in 
presence of aluminum chloride gives a ketone, probably after a preliminary 
transformation to the acid chloride. 

(4) Aldehydes, An aldehyde may be synthesized from an aromatic 
hydrocarbon by mixing it with aluminum chloride and cuprous chloride, 
and bringing it into reaction with a mixture of carbon monoxide and 
hydrogen chloride (see page 546).* 

(5) Acids, The reaction of an aromatic hydrocarbon with phosgene 
gives an acid chloride which may be hydrolyzed to yield an acid (p. 522). 

Another synthesis of acids depends on the use of carbon dioxide: 

AlCl, 

CeHe + COa > CeHsCOaH 

The extremely important reaction of phthalic anhydride and benzene, giving 
o-benzoylbenzoic acid, is shown on page 594, 

* In a similar way a mixture of hydrogen chloride and hydrogen cyanide will react to give 
an aldehyde. The method is useful in placing the aldehyde group in phenols and aromatic 
ethers. This method and the CO HCl method are due to Gattermann and Koch. 
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William L. Evans. (Aincpican, 1870- 
.) Evans is emeritus professor of 
chemistry in the Ohio State University; 
he was head of the chemistry department 
there for many years, lie is author and 
co-author of several chemistry textbooks, 
llis research interests lie in the carbo- 
hydrate field and particularly in the 
mechanism of carboliydrate oxidation. 
See Ind. Eng, Chem,^ (News Edition), 18 , 
1118 (1940); Chem. Rvv., 31, 587 (1942). 




James F. Nobrib. (1871-1940, Amer- 
ican.) Norris was for many years in 
charge of the research laboratory of 
organic chemistry of the Massachusetts 
Institute of Technology. He was an 
outstanding teacher and also well known 
through his textbooks of organic and 
inorganic chemistry. He headed many 
committees and boards charged with the 
advancement of chemistry and the prose- 
cution of the First World War. See Ind, 
Eng, Chem., (News Edition), 14 , 325 
(1936); 18 , 730 (1940) 
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(6) Synthesis of Arylalkanols. The preparation of /3-phenylethyl 
alcohol is typical: 

AlCla 

Celle + H2C— CIIs >nCl + CeUBCHsCHsOH 



(7) Other applications. The following employments of aluminum chlo- 
ride have been mentioned in previous }>ages: (a) cracking of petroleum 
(page 41); (b) isomerization of petroleum hydrocarbons (page 43); (c) 
alkylation of phenols (page 508); (d) formation of aromatic aldehydes 
(page 546); (e) Fries reaction (page 555). Other uses will be shown on 
later pages. 

Mechanism of the Reaction. The examples clt(?d show the more 
important uses of the Friedcl-Crafts reaction and indicate its especial 
application to the aromatic scries. Our knowledge of the true course 
of this reaction is still imperfect. It was thought by Friedel and Crafts 
that aluminum chloride united with the hydrocarbon: 



and that this intermediate compound then interacted with the alkyl halide: 



regenerating the aluminum chloride, which would thus be a true catalyst. 
If this conception is correct, a very little aluminum chloride should be 
capable of transforming large amounts of material. 

In support of the theory we have the discovery of compounds of alumi- 
num chloride and hydrocarbons, such as Al 2 Cl 6 ’ 6 (C 6 Ho). 

Another theory assumed that aluminum chloride functions as a true 
catalyst, but also unites with the reaction-product to some extent, and for 
this reason more of the substance must be used than if it acted only as a 
catalyst. In practical work the ratio of aluminum chloride to reactant 
varies from a few per cent to several hundred per cent, according to the 
type of reactant, and no one theory would suffice to explain this variation. 

Applications of Friedel-Crafts Reaction to Aliphatic Compounds. The 
Friedel-Crafts reaction has been applied to the reaction of acid chlorides 
with saturated aliphatic hydrocarbons and with cycloparaffins. Yields 
were not good. Condensations of olefins with acid chlorides yield ketones: 

Cat H Redn 

CH 2 =CH 2 + CHsCOCl CH 2 =C— COCH 3 > CHa— CH 2 — COCH 3 
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For other aliphatic applications see references 13 and 20. The scope of the 
Friedel-Crafts syntheses has increased tremendously in the sixty-five years 
during which the method has been used. Many catalysts are used in place 
of the original aluminum chloride (chlorides of Fe, Zn, Sn, B, etc.), and 
condensations far different from those originally proposed are successfully 
accomplished. There is no present indication that the possibilities in this 
field have been exhausted. 


REVIEW QUESTIONS 

1. Show by equations the synthesis of the following compounds through the Grignard 

reaction: (a) C-iHfiCOOII; (b) Hexane from hexyl bromide; (c) Diphenylethane; (d) 

2. Write equations showing the synthesis of the following compounds by means of the 

Grignard reaction: (a) (’JleC’SSH; (b) C'2H6('H20H; (c) (C 2 H 6 ) 8 C — OH; (d) CHs- 
CHOH Cilb; (e) CdhCOOC.K,; (f) CdhC(Cdii)^Cdl>; (g) Phenol; (h) CdU -OOMe. 

3. Show how the Friedel-Oafts reaction may be used to make: (a) C 6 H 5 (" 2 H 6 ; (b) Diphenyl- 

ethane; (c) CellsCOC’iHfi; (d) Benzoic acid. 

4. Illustrate the use of the Friedel-Crafts reaction in the preparation of: (a) p-Bromoaceto- 

phenone; (b) p-Methoxyacetophenone. 

5. Indicate how the Grignard reaction may be employed to make: (a) A phenol; (b) Ethane; 

(c) A carbodithioic acid. 

.6. State the theories bearing on the function of aluminum chloride in the Friedel-Crafts 
reaction. 

7. What metals might replace Mg and A1 in the two reactions discussed in this chapter.^ 

8. Explain why moisture and carbon dioxide are barred in the preparation and use of the 

Grignard reagent. 

9. Show the synthesis of ?a-nitrochlorobenzene from m-dinitrobenzene. 

10. Show how to synthesize diphcnylmethane from benzyl alcohol. 

11. Show how to make benzylamine from C 6 H 6 CH 2 CH 2 CO(''H 2 COC 3 ll 7 . 

12. Name all the compounds whose formation is shown in the section on Grignard reaction. 

In case a generalized formula is shown, supply formula and name of an actual compound 
to take its place. 

13. Indicate by the use of equations how the following reagents would act upon ethylmag- 

nesium bromide: (a) H 2 O; (b) NHs; (c) Acetone; (d) MeOH; (e) Propionaldehyde; (f) 
hlthylene oxide; (g) CS 2 ; (h) Oxygen. 

14. What side-reactions may take place during the course of a Grignard reaction? What 

means may be used to avoid these side-reactions? 

15. If we are to assume that a Grignard reagent (RMgX) ionizes in solution, what ions may be 

present (according to the evidence given in this chapter) ? 

16. Write the formula for an oxonium salt formed from EtMgl and ethyl ether. 

17. A 0.10 g. sample of a compound whose molecular formula is C 4 H 10 O 2 gave 24.9 cc. of 

methane upon reaction with methylmagnesium iodide. How many OH groups are 
present in the compound? 

18. A compound has the molecular formula C 8 H 4 O 6 . A 0.130 g. sample when treated with 

methylmagnesium iodide gave 29.71 cc, of methane. How many active hydrogen 
atoms does the molecule possess? 

19. In a certain synthesis phthalic anhydride was heated with aluminum chloride and toluene. 

The product was an acid (A) containing 75.0% C, 5.0% H, and 20.0% O. Upon proper 
treatment the compound (A) may be made to lose one molecule of water and undergo a 
condensation. Prove the structure of (A) and of its condensation product. 
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20. Write equations for the Grignard reactions in which the following compounds are used. 

(a) n-Butyl bromide and Mg; then ethylene oxide; then water, etc.; 

(b) 2-Chlorobutane and Mg; then CX) 2 ; then water, etc.; 

(c) Benzyl chloride and Mg; then diethyl sulfate; then H 2 O, etc.; 

(d) tert Butyl chloride and Mg; then CO 2 ; then H^O, etc.; 

(e) Bromobenzene and Mg; then antimony trichloride; then II 2 O, etc. 

21. The organic compound (A) contains 30.51% i\ 1.70% 11, and 67.80% Br. Nitration 

yields but one mononitro compound. (A) was treated with metallic magnesium (ether); 
then with (-Oa; then with water, etc. In this way the compound (B) was produced. 
(B) contains 57.84% C, 3.62% H; the balance is oxygen. It is an acid with muitraliza- 
tion equivalent of 83. (B) has no definite melting point; it sublimes when heated above 

300®C. It does not lose water when heated. What is the structure of (A) ? What is a 
practical way to make (B) ? 
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CHAPTER XXX 


NAPHTHALENE, ANTHRACENE, AND RELATED COMPOUNDS 

During the processing of coal tar for benzene, toluene, and like com- 
pounds, from six to ten per cent of naphthalene is obtained. This com- 
pound fills an important place in synthetic work, being used to form phthalic 
anhydride, benzoic acid, and other derivatives which are used in the manu- 
facture of dyes and in many other ways. Its yield from coal tar, larger 
than that of any other aromatic hydrocarbon, is commensurate with its 
importance. 

Naphthalene, CioHg, is a white crystalline compound, having a peculiar 
penetrating odor. Although its boiling point is high (217.9°), it is volatile 
in steam, also it readily sublimes. Insoluble in water, it is easily soluble in 
hot alcohol, in ether, and other organic solvents. Aside from its synthetic 
uses the compound is used in “moth balls.”* Naphthalene has a limited 
medical use as an antiseptic and anthelmintic. Sales of naphthalene in 
this country in 1940 totalled 146,000,000 pounds. 

Structure of Naphthalene 

Naphthalene resembles benzene in its chemical properties. It reacts 
with halogens to form addition and substitution products. Nitric and sul- 
furic acids yield nitro compounds and sulfonic acids, as with benzene. The 
hydroxyl derivatives are similar in their properties to the phenols. Some 
knowledge of the structure of naphthalene is gained by a study of its oxida- 
tion, which is more easily accomplished than the oxidation of benzene: 

//^ 

0.id 

CioH, > .0 

This results in the formation of mtho phthalic acid, no matter how the reac- 
tion may be promoted. Evidently the benzene ring is a part of the naph- 
thalene molecule. If we subtract C 6 H 4 from CioHg, four carbons and four 
hydrogens remain; it seems very unlikely that these atoms form side-chains 
on a benzene ring. Such groups would be highly unsaturated to begin with; 
moreover, the reactions of naphthalene do not uphold such a structure. 

* p-Dichlorobenzene has largely displaced naphthalene in this role. 

^84 
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A study of nitronaphthalene and naphthylamine has shown how the 
remaining atoms are disposed. When mononitronaphthalenc is oxidized 
nitrophthalic acid results: 


.0 


C10H7NO2 


Oxid 


NO2 

\ 

Ac— OH 
\yc— OH 


Nitrophthalic acid 


however if we reduce nitronaphthalene to naphthylamine and oxidize this 
compound, the benzene ring with its amino group is destroyed (it has already 
been emphasized that aromatic amines are more easily oxidized than nitro 
compounds or hydrocarbons). The product of this reaction is ortho 
plithalic acid. The only possible explanation of these results is that 
naphthalene contains two benzene rings which mutually share two adjoining 
carbon atoms. In the oxidation of nitronaphthalene the unsubstituted 
ring is oxidized : 


NO2 



NH2 



while the oxidation of naphthylamine leaves the unsubstituted ring intact. 
The dotted lines indicate the manner of oxidation in each case. 

Additional proof for the structure assigned to naphthalene is found in 
the following syntheses: 

(1) Naphthol from phenylisocrotonic acid (Fittig): 


CH 


\/ 


\ 


CH 

I 

CH2 


/ 

COsH 


^H70 + 


H 

C 


Vh 

\/\ 

c 

II 

o 


\/V 

o 

h 


a-Naphthol 


(2) Naphthalene from phenylbutylene or phenylbutylene bromide: 


CHj 


\/ 


\ 


CH 

i: 


H 



A 


CaO 


2H2 + 


k/Y 
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The disposition of the remaining valence bonds in the naphthalene 
formula is usually represented as shown here in Erlenmeyer’s formula. 

Three practically equivalent formulas can be written for naphthalene, 
and it is to be presumed that resonance occurs between the corresponding 
molecular forms. The resonance energy of naphthalene is 75 Kg. cal. per 
mole. As a consequence of resonance the bonds joining a and p carbons 
have more “double-bond character” (%) than those joining p and ^ carbons 
(3^^). This may be read into the Erlenrneyer formula. The bonds of 
the benzene ring may be said to have about J 2 double-bond character. 

Fig. U.L — Bamberger formula. 

The following statements are useful, though they admit of exceptions. 

(1) Naphthalene is more easily reduced than benzene. (2) It adds 
halogen more readily. (3) All substitutions take place more readily until 
one ring is saturated or oxidized. (4) Groups arc more easily removed 
from the ring than in benzene. 

When one ring has become saturated or is broken by oxidation, the other 
becomes benzene-like, i.e., aromatic and stable. 

Nomenclature; Numbering of Rings. Ordinarily the naphthalene 
formula is shown as two adjoining hexagons without indication of double 
bonds; 



/3 


aA «i 


2V1 


k : ^ 7/^2 


A structure such as this, in which carbon atoms are shared by two rings, is 
called a “condensed” structure. It will be noted that there are two struc- 
tures for mono derivatives of naphthalene: positions 1 and 4, 5 and 8 are 
similar, also the four positions 2, 3, 6, and 7 are similar, but unlike the first 
four. Groups substituted in the first named positions give alpha com- 
pounds, while substitution in positions 2, 3, 6, or 7 gives a beta compound. 
When two like groups are introduced into the naphthalene molecule there are 
ten possibilities of isomerism; two unlike groups yield fourteen isomers, three 
like groups give fourteen isomers, four like groups give twenty-two isomers, 
etc.* It is seen that the situation is more complex than with benzene. 

* For eight unlike groups the reported number of isomers possible is over 10,700,000. This 
includes all possible combinations of one to eight groups. 
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Groups in the same ring situated in adjacent positions are called ortho, 
while the 1-8 and 1-4 positions are termed mMa and para, as with benzene. 
The 1-8 position is term(‘d perL Groups situated in this relation act like 
ortho groups in benzene (note anhydride formation of 1,8-naphthalic acid, 
page 588). 


Reactions of Naphthalene; Derivatives 

(1) Alkyl derivatires. Methyl-, dimethyl-, and trimethyl naphthalenes 
occur in coal tar. A related compound, naphthaleneacetic acid, is an impor- 
tant plant hormone. 

(2) Halogen derivatives. Alpha halogen derivatives of naphthalene are 
obtained by direct treatment at the boiling point of the hydrocarbon, or both 
alpha and beta derivatives may be had from the reactions of the corre- 
sponding naphthols with phos])horus pcntachloride or pentabromide. Also 
the corresponding nai)hthylamines may be diazotized, and converted to 
halogen compounds by tlie Sandmeyer reaction. 

When chlorine acts upon naphthalene at room temperature, addition 
takes place, and naphthalene tetrachloride is formed : 


kA/ 


+ 


HCl 


/N^hci 


HCl 


HCl 


Naphthalene 

tetrachloride 


The addition is confined to one ring; this is proved by oxidation of the 
compound, which gives ortho phthalic acid as a product. Other derivatives 
similar to this are known, in which one ring has lost its double bonds while 
the other retains the benzene structure. When this is the case a substituent 
attached to the benzene ring yields a compound aromatic in character, 
while attachment to the reduced ring gives a compound with aliphatic 
character. 

This is seen in the case of the tetrahydro-jS-naphthylamines. The com- 
pound with structure (1) below has the same character as aniline, while 
compound (2) is like an aliphatic amine. The names of the compounds 
show whether the NH 2 group is joined to the aromatic (ar) ring or to the 
alicyclic (ac) ring. Alpha naphthylamine and alpha naphthol when 
reduced give the corresponding ar-tetrahydro derivatives, while the reduc- 
tion of beta naphthylamine and beta naphthol gives principally oc-tetra- 
hydro compounds. 
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H*N 


Hs 


\/\/ 

Hs 

(1) ar-Tetrahydro-i3- 
naphthylamine 


IH. 


H* 


H 


H* 

(2) ac-Tetrahydro-jS- 
naphthylamine 


Continued chlorination of naphthalene leads to complex polymerization. 
A waxlike product known as Halowax is obtained. This has commercial 
uses. 

(3) Sulfonic acids. The naphthalene monosulfonic acids are taken up 
on page 44^. The disulfonic acids arc secured by continued heating of 
naphthalene with concentrated sulfuric acid. 

(4) Nitronaphthalenes, For the preparation of a-nitronaphthalcne see 
X)age 454. jS-nitronaphthalene is made by nitration of a-naphthylamirie 
with dilute nitric acid : 


NH2 

+ HNO3 

A\/ 


H20 + 


NH2 




followed by the elimination of the amino group by diazotization and treat- 
ment with alcohol (page 482) ; or it may be made by a modified Sandmeyer 
reaction from ^-naphthylamine. 

(5) Naphthols, For these see page 515. The sulfonic acids of the 
iiaphthols are important compounds in the dye industry, while several of the 
nitro derivatives are directly applied as dyes. These are Martius Yellow 
(Naphthalene Yellow) and Naphthol Yellow S. Martius Yellow is formed 
by direct nitration of a-naphthol or naphthol mono- or disulfonic acid. 
Like picric acid this substance shows stronger acid properties than a phenol 
(naphthol). It decomposes alkaline carbonates and forms a salt with one 
equivalent of base. It dyes silk and wool yellow. 


ONa 

iAAnO* 


N02 


Martius 

yellow 


OK 

KOsSAvAnO. 


NO2 


Naphthol 
yellow S 


Naphthol Yellow S is made by nitration of a-naphtholtrisulfonic acid, by 
which two nitro groups exchange for sulfo groups. It is a permitted food 
color and a better dye than Martius Yellow. 
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iS-Naphthol has a medical use as an intestinal antiseptic. Its methyl and 
ethyl ethers are employed in perfumery. Other derivatives, such as the 
benzoate and salicylate, are used in medicine. 

(6) Naphthyla rniiies. See page 476. Naphthylaminesulfonic acids are 
extensively used to form dyes. Direct treatment of a-naphthylamine with 
concentrated sulfuric acid yields 1,4-iiaphthylaminesulfonic acid (naph- 
thionic acid). This is used to make C^ongo Red (page 679). 

(7) The carhoxy derwativeft of naphthalene are discussed on page 538. 

(8) Oxidation, Chromic acid oxidation gives 1,4-naphthoquinone 
(page 565). Naphthalene healed to 200° with sulfuric acid, or to about 
500° with air yields phthalic acid (page 535), 

(9) Reduction, Naphihalene, reduced with sodium and alcohol, gives 
1.4-dihydronaphthalene. When hydrogenated at 200°, ordinary pressure, 
with a nickel catalyst, tctrahydronaphthalene (tetralin) results. This 
compound is half aromatic, half aliphatic. It is used as a solvent. By 
more drastic hydrogenation, the aromatic ring is attacked to give deca- 
hydronaphthalene (decalin), also used as a solvent. 


II 2 H 2 HH 2 



H 2 H 2 H H 2 


Tetralin Decalin 

Tetralin with bromine gives a monol>ronK) and dibromo derivative, in 
each case substituting on the alicyclic ring. On heating, these lose hydiogen 
bromide, to give respectively dihydroiiaphthalene and naphthalene. On 
this behavior is based the laboratory method of making hydrogen bromide 
by dropping bromine into boiling tetralin. 

(10) Metalation, Naphthalene, dissolved in methyl ether or glycol 
dimethyl ether, and treated with sodium, forms a mono-sodium compound. 
The structure is not yet known. Biphenyl may also be metalated under the 
same conditions. 

(11) With picric acid, naphthalene forms a yellow molecular compound 
which may be crystallized from alcohol. Its formula is C 10 H 8 C 6 H 2 
(N02)3*0H. The melting point is 150.5°. 

Anthracene* 

Anthracene, CuHio, which is found in coal tar in amount somewhat less 
than a half per cent, is isomeric with the hydrocarbon phenanthrene from 
the same source. It is used principally in the synthesis of anthraquinone 
and its derivatives. 


Named from anthrax (Greek, — coal). 
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Anthracene occurs in colorless shining plates which have a blue fluores- 
cence. It is but sparingly soluble in ether or alecfliol, but dissolves in hot 
benzene. With picric acid a red crystalline conif)ouiid is formed whose 
formula is Ci4Hio*C6H2(N02)3-On; melting point, 138°. 

The reactions of anthracene resemble those of the aromatic compounds 
benzene and naphthalene, which wc have studied. It forms both addition 
and substitution products with the halogens according to the experimental 
conditions observed. Sulfuric acid yields mono- and disulfonic acids. 
Nitric acid, even when diluted does not, however, form a nitro compound. 
Instead, oxidation takes place forming anthraqiiinone. 

Structure. The structure of anthracene is indicated by the medbods 
which may be used in its synthesis. The compound may be formed by t he 
action of aluminum chloride upon benzene and tetrabromoelhane: 



H 

Br— C—Br 



+ 1 + 



Br — C — Br 

H 



AlCb 

-> 4HBr + 



This synthesis seems to show that there should be a “para-bond'' 
in the central ring of anthracene, and such a formula has been proposed and 
used. According to modern ideas the structure can best be shown as 
given below: 



Fig. 89 , 


We will use the three-ring formula which omits the fourth valence of the 
carbon. 

o-Bromobenzyl bromide when treated with sodium yields dihydro 
anthracene: 


/\ — Bj. 


BrHj 

+ 

CHaBr B] 


:C-/^ 


+ 4Na 


4NaBr + 


H 


V/ \ 


c 

H* 



POKTBA.1TS (gBIGNARD, WIH.8TXTTEE) 


591 
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Richard Willstatter. (German, 
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Chem, Soc„ 66, 127 (1943); J, Chem. 
Education, 7. 1984 (1930); 
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which is easily transformed to anthracene: 


Hs 

C 


X\/ \/\ 


1I2 


HsSOi 

> 2H2O + SO2 + 

A 


H 

/\/ \/\ 


/V 

c 

•II 


Benzyl chloride when treated with aluminiiin chloride also forms anthracene 
and other products. 

H2 



A/' 

c 

H 


These syntheses, and others which are known, show that in anthracene 
two benzene rings are joined to a third central ring by ortho carbon atoms. 
The central ring does not appear to liave the benzenoid character, and it is 
more subject to attack by reagents than the outer rings.* 

Numbering of Rings. The numbering system used for anthracene is as 
follows: 



7 

H 


O' C Of 



7 


by which it will be noted that there are three types of monosubstitution prod- 


* It is possible that the activity of carbons 9 and 10 is due to the ortho quinone structure 
of ring (A) (see Fig. 89). 
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nets possible, a-, and 7 -. With two like groups substituted for hydrogen, 
fifteen isomers are possible. 

Reactions. The reactions of anthracene may be briefly outlined. 

( 1 ) Halogenafion. Bromine in carbon disulfide forms anthracene 
dibromide, attaching to positions 9 and 10 . This compound parts with 
HBr quite easily, forming in this way monobromoanthracene. Higher 
temperatures favor the formation of substitution products with the halogens. 
This substitution is so rapid that in the case of bromine the reaction may be 
satisfactorily used to prepare hydrogen bromide, by allowing bromine to fall 
dropwiwse upon anthracene. 

( 2 ) Sulfuric acid, when dilute, yields 1 -anthracenesulfonic acid and 
2 -anthracenesulfonic acid. Concentrated acid gives 1,5~ and 1 , 8 -disulfonic 
acids. The reactions of these compounds are sinnlar to those of the benzene- 
sulfonic acids. 

(3) Nitric acid, as has been stated, causes the oxidation of anthracene to 
anthraquinone. It is possilfie by inflirect means to obtain both 9-nitro- 
anthracene and 9,10-dinitroanthracene. The reduction of a nitroanthra- 
cene yields the corresponding ami noanthracene or anthramine. 

(4) Both a- and /5-hydroxy anthracenes (called anthrols) are known. 
These behave like phenols or uaphthoLs. 


Antiiraqitinone 


The most important derivative of anthracene is anthraquinone, which is 
easily formed by the oxidation of anthracene with chromic acid in glacial 
acetic acid solution. It is also formed when anthracene (with air) is 
passed over a heated catalyst. 

A commercial method of preparation for anthraquinone, which may also 
be applied for the preparation of some of its derivatives, is given in method 
(2), page 594. 


H 

C 






c 

H 


Oxid 

— > H2O + 


o 

II 

c 


/\/ \/\ 


c 

II 

o 

Anthraquinone 


Anthraquinone occurs in yellow crystals; it is insoluble in water, and 
sparingly so in the majority of organic liquids. Either acetic acid or hot 
benzene is a satisfactory solvent. Anthraquinone sublimes upon being 
heated. 
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Structure. The structure of anthraquinone is established by several 
syntheses:* 

(1) From phthaloyl chloride and benzene: 


O 



(2) Phthalic anhydride and benzene, in the j>resence of aluminum chlo* 
ride, condense giving or</mbenzoylbenzoic acid: 



Treatment with sulfuric acid causes the loss of water and formation of 
anthraquinone from the above compound: 


O 



This synthesis gives a good yield of anthraquinone. It is important because 
it allows the preparation of derivatives of anthraquinone from substituted 
phthalic anhydride and substituted rings. 

The synthesis also shows that anthraquinone has two benzene rings 
connected by two carbonyl groups, and that the carbonyl groups are ortho 
on one ring. To prove that the attachment on the other ring is also ortko^ 

* Since anthraquinone may easily be reduced to anthracene, these syntheses constitute 
additional proofs of the structure of that compound. 
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we begin the synthesis with bromophthalic anhydride (or bromobenzoyl- 
benzoic acid) as shown below in outline. The final compound is phthalic 
acid, hence the carbonyl groups arc joined in ortho position on the second 
ring. 



Another proof ifl afforded by the following synthesis of anthragallol : 



ii 

o 


Anthragallol 

Other similar proofs could be given. 

Chemistry of Anthraquinone. Anthracene, dihydroanthracene, and 
anthraquinone are related as shown below: 



0 


The name assigned to anthraquinone is in. some respects deceptive, as 
this compound is in some physical aspects more like a ketone than a quin- 
one. Thus it is odorless and is not exceptionally volatile nor highly colored, 
neither is it an effective oxidizing agent. The compounds produced upon 
careful reduction of anthraquinone are: 
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H OH 

O H/ 

c c 


and 


WN/ 

c 
o 

H 

9,10-Aiithradiol Hydroxyantlirone 
(Anthrahydroquinone) (Oxyanthranol) 


VAyV 

c 


H 
O 

0 


VV\/ 

c 

H 

9-Anthrol 

(Anthranol) 


The latter compound is presumably formed by loss of water from: 

H OH 

\ / 

/\/\/\ 


\/\ /V 
c 

/ \ 

H OH 


Hydroxyanthrone dissolves in alkali giving a red solution. A test for 
anthraquinone and derivatives is based upon this reaction. When heated 
with zinc dust and dilute alkali, anthraquinone is reduced to hydroxy- 
anthrone, and a deep red color appears. When the solution is exposed to 
air and shaken, the color fades, due to the rcoxidation of hydroxyanthrone 
or the tautomeric compound, anthradiol, to anthraquinone. 

. Sulfonation of anthraquinone requires very concentrated acid and high 
temperature. The /3-acid is the principal product. The use of mercury 
sulfate as a catalyst makes a profound alteration. The a-acid is now the 
chief product, and the sulfonation is much more easily performed. 

Alizarin is the most important of the derivatives of anthraquinone. 
This is discussed on page 692. 


Phenanthrene 

As already stated phenanthrene, C14H10, and anthracene, also C14H10, 
occur together in one of the fractions taken in the distillation of coal tar. 
The former is removed from anthracene by the use of carbon disulfide or 
pyridine, in which it is more soluble than is anthracene.* It is a colorless 
solid, insoluble in water, but soluble in alcohol or ether. 

Phenanthrene is produced from the interaction of o-bromobenzyl 
bromide and sodium, a reaction which also yields anthracene, as we have 
noted : 

* Furfural may also be used for ibis separation. 
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iCHjBr BrlljC- 
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Br 


+ 


B 


4Na 


4NaBr + 


/V XX2 XX2 

/V-c-c— , 


'V 


/\ 






H2 + 


9 10 

yv H H ^ 

/^Y-c=c— 




4A3 

• I 

•^/V' 


or 


Phenantlirene 




w 


10 


also when o-ditolyl is passed through a red-hot tul)e, phenanthrene results 
(see page 419). These and other syntheses establish the formula as pre- 
sented above. 

Oxidation of phenanthrene affects carbons 9 and 10 giving a diketone, 
phenanthrenequinone, which upon further oxidation yields diphenic acid. 


/\ 


c-o 






Oxid 

€=-() /\-( 


COjH 


V . 

Phenanthrenequinone Diphenic acid 


The first compound is perhaps misnamed. It differs from simple para 
quinones, being non-volatile and odorless. It forms a bisulfite compound 
and a dioxime. 

It is interesting to note that diphenic acid forms an anhydride: 


/\ 





Diphenic anhydride 


With or^Aodiamines, phenanthrenequinone reacts with loss of water to 
form yellow solids. Thus from o-phenylenediamine we get: 
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Vt 

C=N 

\/ 



Dihenzo [a,c] phenazine 


This reaction is not shown by meta or para diamines. 

The hydroxy derivatives of phenanthrenecjuinone do not possess dyeing 
properties; hence neither this compound nor phenanthrene Jias tlie impor- 
tance attaching io anthracene and anthraquinonc. 


Hydrocarbot^s with Condknhed Structures 

Other hydrocarbons })resent in coal tar which havi‘ condensed structures 
include the following: 

Acenaphthene Chrysene Pieene 

Acenaphthene may be synthesized by passing a-ethylnaphthalene 
through a red-hot tube. Its oxidation yields 1,8-naphthalic acid (formula, 
page 538). Both oxidation and synthesis support the structure assigned 
to this compound, by which acenaphthene is seen to be a derivative of 
naphthalene. Oxidation of acenaphthene yields as an intermediate com- 
pound, the ketone, acenaphthenequinone: 




0 O 

II II 

('— c 

1 I 

A/\ 

xA/ 


Acenaphthenequinone 


The Phenanthrene Nucleus 

Though phenanthrene is uninteresting from the standpoint of dye 
production, its derivatives have a tremendous biological importance. 
The phenanthrene nucleus is found in morphine alkaloids (morphine, 
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codeine), in cholesterol and ergosterol (thus also in vitamin D), in the sex 
hormones (see page 743), and in many other compounds of biological 
significance. In view of this likeness in structure we should not be sur- 
prised to find a corresponding similarity in function. To some extent this 
is true. For instance, certain phenanthrene derivatives are definitely 
estrogenic. Compound (I) below has this action, while certain derivatives 
of (II) arc more active than estrioL 



1 -Ketot el nihydro- 
phenaiithrene 


( 1 ) 

Fig. »0. 



1,2.5,(>-Dihenzanthraceiie 


(II) 

¥i(i. 91. 


Cancer-producing Hydrocarbons 

It has been known for some time that workers engaged in processing coal 
tar were apt to have skin cancer. That something in the tar was responsible 
for this was established by experiments in which rabbits and mice were 
treated with tar, and later with definite hydrocarbons, of which 1,2-benzo- 
pyrene and methylcholanthrene may serve as examples. 


o69 

Fig. 92. — 1,2-Benzopyrenc. 

Contact with hydrocarbons of this type produces skin cancer and 
injection gives internal cancer. The significance of this discovery can be 
appreciated. Now the fact that the sex hormones, cholesterol, and other 
compounds in the body, have a skeleton structure similar to that of mcthyl- 
cholanthrene makes it at least possible that the carcinogenic hydrocarbons 
may be formed in the body from the sex hormones, etc.* 

* Other unrelated hydrocarbons (tetraphenylm ethane) are reported to be carcinogenic, 
also non-hydrocarbons, as 2-ainino-5-azotolucne. 



Fig. 9H. — Methylcholanthrene. 
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Cancer has actually been produced in mice by injection of estrone 
benzoate. Further research of the cancer problem along the lines indicated 
will undoubtedly lead to valuable discoveries. 

REVIEW QUESTIONS 

1 . Write graphic formulas for the following, (a) l-Naphthol-3,6-disuIfonic acid; (b) 

Naphthalene tetrabroraide; (r) Martins yellow; (d) Decalin; (e) l-ChIoro-3,(i-dinitro- 
aiithracene; (f) 2,3-Dichlorophenanthreneqiiinone; (g) Anlhrahydroquinone. 

2 . What compounds would be formed by reaction of the following compounds ? 

(a) a-Naphthylamine and dilute HNO 3 ; 

(b) Anthracene and picric acid; 

(c) ^//wTetrabromoethanc, benzene, and aluminum chloride; 

(d) o-Henzoylbenzoic acid and H2SO4; 

(e) Benzyl chloride and AlCb; 

(f) Benzoic acid, gallic acid, and II2SO4 

3. Write formulas for all possible dichloronaphthalenes; name the compounds. Do the same 

for the nitrodichloronaphthalenes. 

4. Suggest methods for making: (a) 1 -Anthracenesulfonic acid; (b) Naphthalene tetrachloride; 

(c) /3-Naphthalenesulfonic acid; (d) Diphenic anhydride. 

5. Write equations for the formation of the following derivatives of naphthalene; (a) a-Naph- 

thalenesulfonic acid; (b) /3-Nitronaphthalene; (c) a-Naphthylamine; (d) /:^-Naphthol; 
(e) a-Naphthoic acid. 

6 . Write equations showing what substances would probably be formed in the following 

reactions; (a) Sodium salt of /^l-naplithol with ethyl iodide; (b) Naphthalic anhydride 
and phenol; (c) a-Naphthalenesulfonic acid salt and sodium formate (fusion); (d) 
a-Naphthoquinone and NII 2 OH. 

7. Give equations for three methods of synthesizing anthracene. 

8 . Write equations for the reaction of the following cfimpounds with anthracene: (a) HNOg; 

(b) Br 2 ; (c) Dilute, and concentrated sulfuric acid. 

9. Write equations for two methods by which anthraquinone may be made. 

10 . Write equations for the synthesis of phenanthrene (two methods). 

11 . Write equations for the probable course of the reaction between: (a) Phenanthrenequinonc 

and NH 2 OH; (b) Diphenic anhydride and NHa; (c) Acenaphthenequinone and phenol. 

12 . Write equations for the synthesis of acenaphthene and acenaphthenequinone. 

13. Which is more acidic, ac-tetrahydronaphthol, or nr-tetrahydronaphthol? 

14. Of the two types of tetrahydronaphthylamines, which should be more basic? Which 

should have the higher boiling point? 

15. Anthracene may be made by distillation of phenyl-o-tolyl ketone with zinc dust. Discuss 

this synthesis and its relation to the assigned structure of anthracene. 

16. Decalin occurs in cis and trans forms. Sketch the graphic formula for each of these 

forms. 

17. .What naphthalene derivative should be formed by the oxidation of acenaphthenequinone? 

How would the new substance react with a dehydrating agent ? 

18. When o-methylbenzophenone is heated with zinc dust, one of the hydrocarbons discussed 

in this chapter results. Which one? Which formula of the hydrocarbon is upheld by 
this synthesis? 

19. Write graphic formulas showing the necessary arrangement of bonds in the rings of 

9, 10-anthradiol and oxyanthranol. 

20 . What peculiarity of structure is noted in diphenic anhydride? 

21 . Give valid proofs of the correctness of the naphthalene structure. 

22 . Cite syntheses which support the anthracene structure. 

23. How would you synthesize 6 -chloroanthraquinone? 
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24. The distilliaton of calcium salts yields ketones. What calcium salt upon such treatment 
would give anthraquinone as a product? 

25 The organic compound (A) contains 59.80% C, 3.56% II, and 25.27% (’I; the balance is 
oxygen. (A) reacts with hydroxylamine and with phenylhydrazinc. The compound 
formed with hydroxylamine contains 4.73% of N. Mild oxidation of (A) gives (B) 
wdiich contains 60,20% (\ 2.87% H, and 25.45% Cl; the balance is oxygen. Vigorous 
oxidation of (A) gives (C) which contains 53.67% C, 3.20% H, and 20.45% O; the bal- 
ance is Cl. (C) is an acid; 10.87 cc. of 0.092 N KOH solution is exactly neutralized by 

0.1565 g. of the compound. ((^ melts at 242-3°(\ Treatment of (A) with an acetylat- 
ing agent gives a new compound containing 59.44% 3.72% H, and 14.86% O; the 

balance is ('1. Prove the structure of (A) and show how to make it from benzene. 
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CHAPTER XXXI 


AROMATIC ARSENK; l^HOSPHORUS, ANTIMONY, AND 
MER( URY (COMPOUNDS 

Certain analogies exist between aromatic compounds of arsenic and 
phosphorus, and the nitrogen compounds already discussed in this book. 
This will be noted from an inspection of the following formulas and equations: 

C6H,N02 CeHsPOo CellftAsOCOH) 2 

Nitrobenzene Phospliobenzcne Beiizcnearsonic acid 

CrJl 6 N NCJI, OJT5P--PCJI5 C,U,\s-=AsCelh 

Azobenzenc Pbosphorobenzenti Arsenobenzene 

(a) Nitration of aniline with nitric acid to yield jo-nitroaniline, 

H2NC6H4N02(^>). 

(b) Sulfonation of aniline with sulfuric acid to yield ^-sulfanilic acid, 

H 2 NC 6 H 4 S 03 H(/>). 

(c) Arsonation of aniline with arsenic acid to yield p-arsanilic acid, 

H2NC6ll4AsO(OH)2(p). 

Derivatives of arsenic acid may be prepared directly from the acid if 
amino or hydroxyl group is present on the ring. For example, 7>-arsanilic 
acid may be made as indicated above by luxating aniline with arsenic acid 
to about 160® for some hours. Direct arsonation is seen to be more difficult 
than nitration. The Bart reaction also offers a means of introducing this 
group into the benzene ring. In this method a diazotized amine is treated 
with sodium arsenite, and warmed to drive off nitrogen. 

RNjX + NasHAsO, NaX + Ns + RAs -OH 

N)Na 

Arsenobenzene may be made by the reduction of benzenearsonic acid 
C 6 H 6 AsO(OH) 2 , and in other ways. 

Curative Compounds. Great interest has been shown in the organic 
derivatives of arsenic, since the definite proof in 1905 that atoxyl has a 
curative effect in trypanosomiasis. Today, literally thousands of these 
compounds are known, all of them being of synthetic production. Among 
the early arsenicals is atoxyl, the sodium salt of arsanilic acid: 

NH 2 

A 

Atoxyl (Discovered 1863 by Bechamp) 

As— OH 
\)Na 
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G03 


This compound was used as a remedy for sleeping sickness, but, like arsace- 
tin it is toxic, causing blindness in certain cases. 


O 

H II 

N— C— CII 3 

Arsa(‘etin 



As— 011-51120 

^ONa 


Later, arsenophenylglycine, a yet mor(‘ effective rvinaly was introduced: 



Arseno]>henylglycine 


110— C— CH 2 -N 

H 


I 

N— ( H 2 — C— OH 
H 


'The research of Ehrlich demonstrated that compounds containing the 
group — As— As— , found in arsenobenzene, had a higher curative value in 
combating trypanosomes than compounds like atoxyl. The culmination 
of this research was the preparation of Salvarsan, “606,”* or Arsphenamine, 
which has proved its value in the treatment of spirochetal infections, 
particularly syphilis (1910). 

A method of synthesis of salvarsan is as shown below: 


NH 2 

/\ 


Diaz 


N2C1 

/\ 


A80(0II)2 


Heal 


OH 

/\ 


AsO(on)2 

H 


UNO, 


OH 

<^N02 


H 20 \/ 

AsO(OH )2 



OH OH 

1 NO 2 Redn 112 

\/ 


*HC1 Cl 
AsO(OH )2 


-As— As- 


A,sO(OH )2 

OH 

\ 


Salvarsan (Discovered 1909, 
Ehrli<;h and Bertheim) 


The synthesis may begin with p-hydroxyphenylarsonic acid, made by 
the direct arson ation of phenol. 

* This was the 606th preparation made in the investigation. 
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When alkali is added to a solution of arsphenamine, the free base is pre- 
cipitated; further addition of alkali produces a monosodium salt, which is 
soluble in water, finally a disodium salt, by attacking the phenol groups. 
Solutions of the disodium salt, made from the dihydrochloride, are commonly 
used in treatment. They are cpiite alkaline. 

The use of the base is necessary; salvarsan is too acid to be used directly. 
Neosalvarsan, like salvarsan and its sodium salts, is water-soluble; it gives 
a neutral solution and can be used directly. 


II 

NaOSOHgC— N 


H 

0 


H 

O 


x: y 

As As 


Neosalvarsan, “914’^ 


Neosalvarsan while not as (‘ffeelive therapeutically as salvarsan is better 
tolerated by patients and has a lower toxicity than has salvarsan.* 

Derivatives of salvarsan which have therapeutic value include Galyl : 


As- 


As 



Galyl 


and Sulpharsphenamine, prepared from salvarsan by treatment with 
formaldehyde and sodium bisulfite: 

{[Na02S0CH2N](0H)C6H3As--}2 

Sulpharsphenamine, unlike arsphenamine, may be used for intramuscular 
injection. 

Silver arsphenamine, which contains combined silver oxide, has certain 
advantages over other arsphenamines. Acetarsone, Stovarsol, has the 
advantage that it may be given orally. It has been used in the treatment 
of amebiasis. 

OH 

f^NHCOCHg 

Acetarsone 

AsO(OH)2 

* Some idea of the importance of salvarsan and neosalvarsan may be gained from the U.S* 
sales in 1940 which were about one million dollars. 
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Gilbert N. Lewih. (American, 1875- 
194G.) Lewis was primarily a physical 
<hemist. Organic chemists are immensely 
indehted to him for the concepts of valence 
and atomic structure which he has given 
them. Ilis book on “Valence” has given 
great impetus to research and has bwii of 
equal value in the teaching of organic 
chemistry. Formerly dean of the College of 
Clieini.stry in the University of California; 
sec page 229. 




James Colquhoun Irvine. (British, 
1877-- .) Irvine’s chief interest is in 

the field of carbohydrates (determination 
of structure of polysaccharides, chemistry 
of cellulose, inulin, starch, monosac- 
charides). He is now the principal and 
vice-chancellor of the University at St. 
Andrews, Scotland. 


Wide World Studio, 
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Tryparsamide is a derivative of atoxyl, formed through action with 
chloroacetamide : 


H 

N— CHa— C— NHa 

Tryparsamide 

I (Jacobs and 

J Hcidelbergcr, 

V 1919) 

AsO(OH)2 


It is used with success for African sleeping sickness and in the treatment of 
neurosyphilis. 

Since it appears highly probable that the arsphenamines do not exert a 
direct action, but Jict through oxidation compounds which arc arsenoxides, 
the use of ‘‘arsenoxide” or Mapharsen has been introduced (1934). 


As=0 

A 

OH 


Mapharsen (Discovered 1908), (meta- 
amino-para-//y(lroxy-phenyl-ar6‘tne-oxide). 


Mapharsen acts more promptly and is less toxic than arsphenamine, and is 
given in a smaller dose. It is stable to air, in contradistinction to arsphen- 
amine. It is estimated that more than 12 million doses of this drug were 
administered in the period 1932-1942. 

War Gases. The toxic nature of arsenic compounds has led to their use 
as poisons. In this connection mention should be made of Lewisite, and 
other aliphatic compounds shown on page 323. In the first World War 
diphenylchloroarsine, (C 6 H 5 ) 2 AsCl, was employed as a “sneeze gas.” 
Other aromatic substances used as war gases include phenylcarbylamine 
chloride, CellsNCCL; phenyldibromoarsine, C 6 H 5 AsBr 2 ; diphenylcyano- 
arsine, (C6H5)2AsCN; diphenylaminechloroarsine, HN(C 6 H 4 ) 2 AsCl (Adam- 
site); phenyldichloroarsine, CeHsAsCL; xylyl bromide, CH 3 C 6 H 4 CH 2 Br; 
benzyl bromide, C 6 H 5 CH 2 Br; brombenzyl cyanide, CeHsCHBrCN; chloro- 
acetophenone, C 6 H 6 COCH 2 CI. 


Antimony 

The use of organic antimony compounds in the treatment of human 
ailments dates from a period prior to the 17th century. A well known 
antimony compound at the time was tartar emetic, potassium antimonyl 
tartrate (formula, page 265), which is still employed as an expectorant. 

In 1908, the discovery was announced that mice infected with trypanoso- 
miasis were greatly helped by injections of tartar emetic. This announce- 
ment, as well as the success of the arsenicals in the treatment of diseases 
caused by protozoan parasites, has stimulated research in the field of anti- 
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monials. The antimony compounds have not so far been studied as exten- 
sively as have the arsenicals, but they hold great promise. Apparently, 
there are cases where antimony compounds arc much more effective than 
arsenic derivatives. 

Schistosomiasis, a disease of parasitic origin known in Egypt, China, and 
South Africa, has been successfully attacked with antimonials, also the 
Leishmanioses, common in India and China. The transmission of trypano- 
somiases is commonly effected through the bite of insects (in Africa the 
tsetse fly). Where cattle are to be driven across a region infested with 
these insects, they may be given a temporary immunity to infection by the 
use of antimony compounds. 

Antimony compounds with the groups, — ArSb— SbAr — , have been 
prepared (Stibino compounds). It will be recalled that the arseno com- 
pounds are markedly effective arsenicals. Also, arseno-stibiuo compounds, 
— ArAs=SbAr — , have been made. Both of the above illustrated types 
have notable trypanocidal powers. For formulas and pharmacological 
data, see References 10 and 11, page 608. 

Mercury 

Organic compounds of mercury have been made and studied since about 
*1850, and a very large literature has collected bearing on these compounds 
and their reactions, probably as large as that devoted to the arsenic com- 
pounds, or larger. Interest now attaches to these compounds because of 
the bactericidal action which is shown by many of them; hence their use 
as external and internal antiseptics, and in the treatment of syphilis, etc. 

The mercuration of an aromatic compound is a general reaction, like 
sulfonation or nitration. One method of introducing the mercury atom is 
by the use of mercuric acetate. With benzene we get phenylmercuric 
acetate: 

110 ® 

CeHe + Hg(CH3COO)2— ^CHsCOOH + CeHallgOCOCHa 

Phenylmercuric acetate, 
or Acetoxymercuribenzene 

Toluene, aniline, or phenol treated with the same reagent are mercurated in 
the para and ortho positions; nitrobenzene, which usually gives meta prod- 
ucts, is also mercurated, mainly in the ortho position. 

The Grignard reagent may be used to form diphenylmercury : 

SCeHsMgBr + HgCU MgBra + MgCh + CcHg— Ilg— CeHs 

Other methods are known by which mercury compounds may be formed; 
the formation of dialkyl mercury compounds is illustrated on page 325. 

Curative Compounds. Organic mercury compounds used in medicine 
include the following: 
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Mercurochrome-^Wy clibromo-hydroxymercuri-fluorescein. This is well 
established as a urinary antiseptic; it is also used as a surface antiseptic. 

Merciirosaly disodium-hydroxyinercuri-salicyloxy-acetate, 

IIOIIgCcIl 3 (COONa)OCIl 2 COONa 

is used in the treatmeiil of sypuiiis. 

MetaphaUy £-Hydroxyinercuri-3-nitro-6-hydroxy toluene (sodium salt*. 
This is a very powerful germicide, especially against staphylococci. It is 
uon-irritative to skin and mucous membrane, and does not tarnish surgical 
instruments. The compound has a powerful spirocheticidal action. 

MerthiolatCy sodium ethylmercurithiosalicylate. Germicide, reported 
stable in presence of protein material, as blood serum. 

MeroxyU sodium salt of 2,4-dihydroxy-3,5-dihydroxymercuribenzO“ 
phenone-2'-sulfonic acid (antiseptic, gonorrhea). 

Mercury oleate (skin diseases, syphilis), mercury salicylate (syphilis, 
antisepsis), mercury succinimide (antiseptic, antisyphilitic), and mercury 
henzoate (syphilis) are organic salts useful in the treatment of diseases as 
indicated herewith. 


COaNa 




0 IlgOlI 

M ercurochrome 


CHs 

NaO,^\HgOH 


Metaphen 


JNO2 


LITERATURE REFERENCES 

1. Raiziss and Gavron. Organic Arsenical Compounds. (Chemical Catalog Co., 1923.) 

2. Christiansen. Organic Derivatives of Antimony. (Chemical Catalog C"o., 192,5.) 

3. Whitmore. Organic Compounds of Mercury. (Chemical Catalog Co., 1921.) 

4. Kobe and Dotjmani. Aromatic inercuration. Ind. Eng. Chem.y 33, 170 (1941). 

5. White. New organic mercurials and their therapeutic application. Ind. Eng. Chem., 

16, 1034 (1924). 

6. VoLwiLER. Recent contributions of chemistry to medicine. Ind. Eng. Chem., 16, 9(15 

(1923). 

7. Dyson. The Chemistry of Chemotherapy. (E. Benn, 1928.) 

8. Loevenhart. Future chemotherapy. Ind. Eng. Chem., 18, 1268 (1926). 

9. Hirschfeloer. The influence of modern chemistry on pharmacology. Ind. Eng. Chem., 

16, 456 (1923). 

10. May. The Chemistry of Synthetic Drugs. Longmans, 1939. 

11. Goodman and Gilman. The Pharmacological Basis of Therapeutics. Macmillan, 1941 

12. Prentiss. Chemicals in War. (McGraw-Hill Book Co., 1937.) 

13. Sadtler. Tear gases. Chemical industries^ 40, 584 (1987). 



AROMATIC ANTIMONY, MERCURY COMPOUNDS 


609 


14. Shiver. Chemical warfare. •/. Ckem, EduccUioriy 7, 95, 294 (1930). 

15. Jackson and Jackson. Lachrymators. Chem. Rev., 16, 195 (1935). 

16. Jackson. Sternutators. Chem. Rev.^ 17, 251 (1935). 

17. Cheniifdry in Agriculture. Chemical Foundation, 1926, 210. (Chemical warfare to save 

crops.) 

18. Sandin, Gillies, and Lynn. The structure of fluorescein, etc. Am. Chem, Soc., 61, 

2919 (1939). 



CHAPTER XXXII 


ALICYCLIC COMPOUNDS 

The ring compounds so far considered have eitlier been of aromatic type, 
or have been easily hydrolyzal)le aliphatic ring compounds with at least one 
foreign atom in the ring. Acid anhydrides would fall in this latter class. 

The alicyclic compounds are derived from ring paraffins. Every normal 
alkane save methane and ethane could, at least in theory, have an alicyclic 
counterpart, which would be made (theoretically) by removing hydrogen at 
each end of the normal chain and joining the ends to form a ring. The 
formula of an alicyclic hydrocarbon would then be CnH 2 n; evidently these 
are isomeric with the olefins. 

The class name for the saturated hydrocarbons is cycloalkanes or cyclo- 
paraffins or polymethylenes. Individual members take the aliphatic name 
with the prefix ‘‘cyclo,” thus: 

CH2 CJh—CIh 

/ \ II 

CH2 CR, (’II2— CHj 


Cyclopropane Cyclo- 

butane 

These three compounds do not show the same chemical behavior, thus 
cyclopropane with HBr gives n-propyl bromide, but cyclopcntane does not 
react. The Baeyer strain theory was offered to explain the difference in 
ease of formation and in the stability of rings of different sizes. 

J^eyerStj^ Theory 

Like the van’t Hoff theory, that of Baeyer sets out from the tetrahedral 
carbbn atom (page 333). It will be remembered that the angle between 
the valence bonds of the carbon atom is 109°^8'. If two carbons are joined, 
as in ethane, the skeleton structure diagram will be as shown in Fig. 94. 

Consider the compound ethylene. If ethylene is to have two parallel 
bonds joining the carbon atoms, then bonds (1) and (2), Fig. 95 must be bent 
inwards toward each other over 50° of arc (54°44'). This implies a condi- 
tion of great strain. We may use this conception to explain the addition 
reactions of ethylene. In the strained formula of ethylene the shared elec- 
tron pairs cannot all at the same time assume the most favorable position. 

610 



(II 2 CH 2 



Cyclopentane 



ALICYCLIC COMPOUNDS 


611 


When three carbons are joined together, the ends of the bonds of carbons 
#1 and #3 approach each other somewhat, as shown in Fig. 96.* Still, 
in order to form a ring compound it would be necessary to bend the bonds 
inward to a certain extent (24°44'). When four carbons are joined in a 


H H 



Fig. J)4. Fig. 95. 


ring this amount of benditig is only 9°44', and for a ring of five carbons the 
amount of bending decreases to 0°44'. 




Hence the five-atom ring compounds are not only formed with ease but are 
stable, with practically no tendency to disrupt the ring. In a six-atom 
ring the ‘‘strain” is — 5°16' (outwards). 



Fig. 98.-- Five-atom chain. 


This theory accounts for the easy formation of ring compounds by 
such substances as phthalic acid, succinic acid, and 7 -hydroxy butyric acid, 
and for the failure of such substances as oxalic acid and malonic acid to 
form anhydrides. Groups on the ends of a five- or six-atom chain are seen 

♦ Note also Fig. 13, page 39. 
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to be within easy reach of each other, and reactions can take place between 
them under these conditions, which would be difficult or impossible if a 
greater separation existed. 

Applications of the Theory. The following examples show the working 
out of this theory when applied to anhydride formation: 


r'' QW 

I ^ Oxalic acid. Docs not form anhydride. Iting of three. 

C— OH 


CH 


C— OH 

/ 

C-DH 


Malonic acid. Does not form a monomeric anhydride. 
Ring of four. 


C— OH 



H2C— C— OH 


H2C— €— OH 



C 

/ \ 


o 


o 


c 


/ 




o 


/ 


o 


IIjC— c 


\ 


o 


H2C— c 


/ 


N) 


Phthalic acid. Forms anhydride. Ring 
of five.* 


Succinic acid. Forms anhydride. Ring 
of five. 





/> 

H2C- 

1 

-C— OH 

H2C- 

-G 


1 

\ 

H2C 

i 


H2C 

1 

0 

/ 

H2C- 

-C— OH 

H2C- 

-c 


Glutaric acid. Forms anhydride. Ring 
of six. 


CH2CH2CH2C 


/ 


o 


OH 


\ 

OH 


^ 7 -Hydroxy butyric acid. 

CH2CH2CH2C Forms lactone. Ring of 

I I five. 

L41 — O 


* The inclusion of oxygen in these rings does not affect the theory, as the valence angle of 
the oxygen cannot differ much from that of carbon. 
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Adipic acid. Ring of seven. Forms anhydride which 
easily polymerizes. See page 255. 


Exceptions to the Theory. Although this theory is meant to apply to 
cycloparaffins, and meets with exceptions when generally applied, it is 
nevertheless useful in predicting possible reactions of other types of com- 
pounds. Also it is evident that five- and six-atom ring structures pre- 
dominate in the naturally occurring organic compounds and are most 
easily prepared in the laboratory, both of which facts arc rende^red logical 
by this theory. There are, how^ever, several points which the theory does 
not cover. It is expressly implied that large rings would be formed with 
difficulty and that they would be unstable, but the latter point has been 
disproved by the recent work of many investigators. Cyclic ketones 
having up to thirty carbons in their rings have been made, cyclic hydro- 
carbons with as many as thirty members in the ring, and heterocyclic com- 
pounds with large rings. None of these compounds was inherently unstable. 
The yields in such syntheses are small and it is easy to see why this is so. 
A ring can form only when the ends of a chain approach each other closely, 
and with chains of five and six members this will often occur. Free rotation 
is possible with each carbon-to-carbon bond, but in a chain of five members 
there are only four bonds between carbons. As the length of a chain 
increases, the possibilities for the chain to assume various forms by free 
rotation at the bonds become much more numerous, and it is only seldom 
that the molecule assumes just the right conformation for the building of a 
ring. 

If these large rings were built in one plane as the Baeyer theory assumes, 
they would be quite unstable, but as experience shows that they are stable, 
the rings must be multiplanar. They are known as strainless rings, A few 
experiments with the wire atomic models will show that it is natural for 
rings of three to five carbon atoms to lie in one plane, but that rings of six 
carbons and larger naturally lie in more than one plane. The theory of 
multiplanar rings, due to Sachse and Mohr, applies, then, to rings having 
more than five members. Many interesting developments have come from 
it. To take a simple case, the theory predicts that decahydronaphthalene 
should exist in two forms, ds and trans as shown in Pigs. 99 and 100. These 
compounds and others with the same kind of isomerism have been 
made. X-ray studies have confirmed the purely chemical evidence cited 
here. 


H2C— C 

h 




.0 


H2 

I 

H2C 

I , 

H,C— C 


\ 

I 

/ 


OH 

OH 


^O 
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The situation, then, is this: if we attempt to make a ring compound from 
xRx or xRy by removal of the x-x or x-y groups, the ring will probably form 
with ease in those cases in which it is to have five or six atoms.* If the ring 
is to have less than five atoms, or especially if it has more than six, it is 
likely that a linear polymer x-R-z-R-z-R-x or x-R-z-R-z-R-y will result. 
Of course fhis linear polymer could lose x-x or x-y to form a large strainless 



CIS trails 

Fig. 9<). Fig. UK) 

Decahycirona pli 1 1 la leries. 


multiplanar ring, but, as already staterl, the yield of ring compound would 
probably be low. For examjdt*, when Hill attempted to make adipic 
anhydride from adipic acid, a long chain jiolymer was obtained. The mono- 
meric anhydride could only be obtained by low pressure distillation of the 
polynuT. 

Chelate Compounds. Tlic toudeiuy loward the formation of rings of five or six atoms is 
well illustrated by the chelate compounds, whudi seldom have rings with iriore than six atoms. 
Chelate compounds are ring compounds with coordinate valence in the ring.f An example is 
furnished by /:l-d ike tones such as acctylacetone. 

This (ompound etiolizes, as does acetoacetie (‘sler, and forms derivatives with metals, some 
of which arc salt-like. However, a number of the derivatives are quite unlike salts, being low- 
melting and volatile, but slightly water-soluble (giving non-conducting solutions), and soluble 
in hydrocarbons. 

A compound of acctylacetone with a bivalent inetiil: 


IhCO-O 0-=^C-~CUz 

\ \ 1/ \ 

lie M ClI 

II / \ II 

II3C— C - O O— C— CHs 


shows the metallic atom with a full octet of electrons. Two of the links, shown by the arrows, 
are coordinate, the electrons at these points having been donated by the oxygen atoms. The 
stability and “organic'" nature of such compounds is partly attributable to the size of the rings, 
at least we note that a- and 7-diketones do not give these chelate compounds. 

In acetoacetie ester a hydrogen bridge takes the place of the metal in the formula given 
above. 

CF-II^O 0-HI— O 

(I) oCoHfi (ii) 

11 II 


Two formulas may be written for the compound [fl) and (II) above], which differ only in the 

* What is said here applies also to simple heterocyclic compounds, 
t They are named from the Greek word which means “ crab’s claw,” 
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disposition of electrons; in other words the compound displays resonance. The chelate ring 
of acctoacetic ester is of the type most commonly found (six atoms and two double bonds). 

The insoluble lakes formed by acid dyes and metallic mordants (page 676) may also have 
chelation, and this seems highly probable upon consideration of the dye structures which will 
and will not form lakes. Alizarin easily forms such lakes with aluminum, iron, and chromium 
salts. A chelate compound of the metal anti alizarin would have six-atom rings; 


M 



I! 


() 

Alizarin lake (M = metal) 


Methods of Rinci Fokmatton,* Cy(?loalkanes 

Several methods of ring closure will be presented together with a dis- 
cussion of some of the cycloalkanes. 

- (1) Use of the Freund Reaction. Cyclopropane, f 

BrCIl2CTT2Cll2Br + Zn -> ZnBro + CH. CII2 

\ / 

C112 

Cyclopropane is a gas which has considerable value as an inhalation anes- 
thetic, particularly as a preliminary to ether. The ring ‘‘strain ” is revealed 
by the reactions with hydrogen, hydrogen bromide, bromine. In t^ach case 
the ring opens and the reaction really resembles an olefin addition. J 

Ni 

C3H6 + H2 — > Calls Propane 

80 ® 

CaHe + HBr CallyBr Propyl bromide 

Calls + Br2 BrCaHoBr 1 , 3 -Dibromopropane 

* Ring closures which produce rings with a foreign atom (heterocyclic rings) have been 
shown in connection with the anhydrides, page 254, imides, page 255, lactones, page 241, 
lactides, page 240, pyrazolone, page 644, lactams, page 245, furaldehyde, page 641, and will 
appear in Chapter XXXIV. 

f When Carothers and co-workers attempted this reaction with decamethylenc bromide, 
Br(CH 2 )ioBr, polymers were obtained with 20, 30, 40, 50, 60, 70 and even more carbon atoms 
united. They were open-chain compounds. 

t See for example, J, Am, Chem, 8oc„ 60, 577 (1938). 
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CS) Use of Malonic Ester. Cyclobutane. 


/ \ A 

Br(CH2)3Br + 2 EtONa + €H2(COjEt)2 -> CH2 CCCO^Et)* > 

\ / H^O 

CII 2 

CHj CO2H CH2 

/ \ / A / \H 

CHs C CHs C— CO,H 

\ / \ \ / 

CHa CO2H CH2 


Cyclobiitane can be made from the carboxylic acid above by a roundabout 
process. Its physical properties are like those of cyclopropane. When 
treated with hydrogen at 120° (nickel catalyst) butane results. The higher 
temperature recpiired indicates an increasing ring stability over that of 
cyclopropane. 

( 3 ) Intramolecular Acetoacetic Ester Condensation. Cyclopentane. 


H 2 

H 2 C— C— C-OEt 

II 

o 

H 2 C — C — C — OEt 
H* II 
O 
H* 

H*C— C 


H 

HsC— C— COaEt 

Na I \ A 

Eton + H2C— c— c 

HsO 


"■il 


H 2 C- 


\ Redn 

+ EtOH + C=0 ^ H*0 + 

/ 4H 

HsC— C HjC 

H* 


-CHj 

\ 


/ 

-CHj 


CH* 


CO 2 


Cyclo- 

pentane 


Cyclopentane reacts with bromine by substitution. The ring may be 
opened by treatment with hydrogen and a platinum catalyst, but only at 
300°C. These facts show the stability of the 5-atom ring. Further illus- 
trations of this stability are found in the following reactions. 

a. Treatment of phenol with chlorine and alkali gives a 5-atom ring: 


H 2 C 

CIC 


c==o 


COH 

^COaH 

ecu 


CeHsOH 
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b. Cyclobutylcarbinol with hydrogen bromide gives a 5-atora ring: 


H 


HjC— C— CH2OH 

Hsi— i 

H, 


H'Br 
> 


H 2 C CH 2 

I I 

H 2 C CH 



c. When pinene is treated with hydrogen chloride a shift takes place 
which changes a 4-atom ring to a 5-atom ring (page 633). 

Many 5- and 6-membered alicyclic compounds are found in plants and 
in petroleum. The terpenes and camphors are for the most part alicyclic. 
Alicyclic hydrocarbons of petroleum are termed “naphthenes.’’ 

Important natural representatives of 5-atom rings are chaulmoogric 
acid and hydnocarpic acid, the chief components of chaulmoogra oil, used 
to treat leprosy. 

H H 

C=-C 

\H 

C — (CH 2 ) 12 CO 2 H Chaulmoogric acid 

/ (n) 

H 2 C— C 
H* 


The ethyl esters are also used. In hydnocarpic acid the structure is the 
same, but n == 10. 

(4) Heating of Cyclic Calcium Salts. Cyclohexane. 


H2 H2 H2 H2 

C— C— C—O II2C--C-C 

/ \ A I I Redn 

H2C Ca CaCOs + HjC— C— C =0 ^ Cyclohexane 

\ / H 2 

— Q — Q — Q (Cyclohexanone 

H2 H2 


Cyclohexane is easily made from benzene by heating with hydrogen (nickel) 
to 200®. Conversely, heating cyclohexane to high temperature with 
platinum gives benzene. There is a very close relationship between the 
derivatives of benzene and of cyclohexane, and there are many instances in 
which an alicyclic compound can easily be changed to benzene type or vice 
versa. (Note tautomerism of phloroglucinol, page 515.) 

Two six-atom compounds which are now being made commercially are 
cyclohexylamine and dicyclohexylamine. They are finding a number of 
uses which depend upon their basicity and their solvent powers. 
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Isomerism of Ring Compounds. In the alicyclic compounds we observe 
a ds-trans isomerism which proceeds from the same cause as that observed 
with ethylene compounds. That is to say, the two sides of the ring in II 
act like the double bond in I and ])rcvent free rotation. In this way isomers 


like II and HI arise. 

A A 

A C— C A 

A C— C B 

1 1 
C-C 


1 / 

C 

\l 

c 

1 1 

i\ /I 

l\ 

/I 

B B 

B C— C B 

B C— C A 

(I) 

Ciif compound 

(II) 

Trans compound 

(III) 


Unsaturated alicyclic compounds have considerable interest but cannot 
be discussed at length. The terpenes offcT examples of such derivatives. 
A very important method of making certain cyclohexene derivatives is offered 
by the Diels-Alder reaction. 

Diels-Alder Reaction. In essence this r(‘aetion occurs between a con- 
jugated diene and an olelinic carbonyl compound. The olefin adds to 
the diene in a 1,4-addition and this is accompanied by a shift of double 
bond in the diene (sec page 6£). A simple case is the addition of buta- 
diene and acrolein. 


^CHs 

H 2 


HC 

C 


1 

+ II 

H 

HC 

HC- 

-c-=o 

^CHs 




H 2 

C 

/ \ 

lie CH2 

- !l I H 

lie e— c=o 

\ /H 
e 

H 2 


T etrahydrobenzaldehyde 


Other examples are: Addition of butadiene and maleic anhydride, 


H 2 

C 

/ H /' 

HC (^— (- 


O 


+ 


> 


HC e— c 

C ^ 

H 2 


II2 

^ o 

/ \H 

HC C~ C 


II 

II 

lit c- 

H* 


> 


Tetrahydro- 

phthalic 

anhydride 
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,T. A. Nieuwland. (1878- 193(), Ameri- 
fuii.) For many yc^ars professor of 
organic chemistry at Notre Dame Uni- 
versity. Nieuwland was a recognized 
authority in the chemistry of acetylene. 
His work was basic for the preparation of 
Neoprene rubber. lie is responsible for 
the development of the use of boron 
fluoride as a aitalyst in organic synthesis. 
Nieuwland had a strong interest in 
botany and published nearly one hundred 
papers in that field. He was founder of 
the American Midland N afuralisf^ founder 
of the Nieuwland Herbarium (at Notre 
Dame). See Ind. Eng. Vhem.^ (News 
Kdilion), 14 , 248 (193(J); also Ind. Edng. 
Chem., 27 , 847 (1935). 




Hans Fisciieii. (German, 1881-194.5.) 
Fischer received the Nobel prize in 1930 
for work which includt'd the synthesis of 
hemin. He w^as head of the Organic- 
(^hemical Institute of IVlunich Technical 
High School. See .7. (hvm. Education^ 8 , 
185 (1931), ibid., 16 , 351 (1938); also this 
book, page 704. 
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Addition of cyclopentadiene and maleic anhydride. 


HC 

HC 




H 

C 


H / 

C— C 


,o 


CHa + 


\ 


.> 


o 


H 


C— C 

H \o 


HC 

HC 


H 

C 


\h 

c— c 




c— c 

H \o 


c 

H 


Endo- 

methyl- 

cnetetra- 

hydro- 

phthalic 

an- 

hydride 


The reactions shown here and the many others of similar type take place 
readily, often at room temperature. The reaction has very great possi- 
bilities. See formation of limonene, page 634. 


Table 41 . — Cycloalkanes 


Name 

Formula 

M.p., 

h:. 

B.p., °C. 

Sp. g.. 

Cyclopropane 

(CIlj)3 

-126.6 

_34749mm. 

0.7J0-'»° 

Cyclobutane 

(CH3)4 

- 50 

J'J—lgTSCnim, 

0.703®’* 

Cyclopentane 1 

(CHOs 

— 93.3 

49-50 

0.745 

Cyclohexane 

(CHs). 

6.5 

80-1 

0.779 

C vcloheptane 

(CHj), 

- 12 

118-20 

0.810 

Cyclooctane 

(CHj), 

14.4 

150-1^4®"**“* 

0.839 


REVIEW QUESTIONS 

1. Write the graphic formulas for: (a) Cyclobutane; (b) Cyclononane; (c) Methyl cyclohexyl 

ketone; (d) 1,1-Dichlorocyclobutane; (e) 1,3-Dimethylcyclopentane. 

2. Show the reaction between isoprene and maleic anhydride; between cyclohexadiene 

(conjugated) and maleic anhydride. 

3. Would you expect to make cyclopropanone by heating calcium succinate? Why? 

(R)4 Which compounds studied in the vitamin and hormone sections might be included in the 
study of alicyclic compounds? 

5. Quinitol (cyclohexane-1, 4-diol) exists in two forms. Explain this by the use of graphic 

formulas. 

6. Interpret the tendency of ethylene to add reagents in terms of the strain theory. 

7. Ill using the tetrahedron to represent carbon atom in various compounds we have always 

used a regular tetrahedron. This assumes that any forces which might cause distortion 
of the model are the same for all of the molecules shown. Is this assumption justified? 
What bearing has your answer on the proper interpretation of the Baeyer strain theory? 

8. Draw graphic formulas for the cis and irans forms of cyclohexane. Do we have such 

isomerism with cyclopentane? Why? 

9. Make graphic formulas for the possible isomeric forms of dimethylcyclobutane. How 

many kinds of isomerism are possible? 

10. Plot on cross-section paper the boiling points of the cycloalkanes (ordinates) and the 
number of carbon atoms therein (abscissas). In the same way (and on the same sheet) 
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plot density versus number of carbon atoms. Plot on the same sheet the boiling points 
and densities of the saturated open-chain hydrocarbons of like carbon content. Discuss 
possible reasons for the differences noted between the values of the constants of alkanes 
and cycloalkanes. 

11. Account for the fact that in the synthesis of compounds in which large rings are formed, 

the yields are quite low. 

12. Calculate the percentage composition of carbon and hydrogen for the hydrocarbons 

C20H40 and ("21H44. Would it be easy to uphold these formulas entirely on the basis of a 
quantitative analysis? ('ite those facts which would be needed to put each compound 
into its proper class. What additional measurement s would be required to substantiate 
these formulas? 
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TERPENES 

The essential (distillable) oils of certain plants, of trees such as the 
pine, and of citrus fruits, contain hydrocarbons of the formula CioIIjc. 
These are the true terpenes, a group of substances having close chemical 
relationships. The distillation of caoutchouc (india rubber), itself a plant 
product, yields isoprene of formula CgTIs, which is termed a hemiterpene. 

Other terpenes found in nature include: the Sesquiterpenes, C 151124 ; 
Diterpencs, C 20 H 32 ; and Polyterpenes, (C^Hg)!!. 

Terpenes are obtained from their natural sources by steam distillation 
and by extraction with solvents. A few are solids, but the majority are 
colorless liquids having a boiling point between 155° and 185°. Their odors 
are characteristic and pleasant. Many are optically active. 

Terpenes include both open-chain compounds and cyclic compounds 
containing one and two rings. Chemically, they are very active substances; 
their chemistry presents many new features and is far from simjde. Addi- 
tion reactions are common, due to the presence of one or more double bonds 
in these compounds. Polymerization also occurs in certain cases. A full 
discussion of terpene chemistry is more pertinent to a technical monograph, 
and here no more can be attempted than a presentation of the simpler 
features. 


Open-chain Terpenes 

These are olefinic hydrocarbons and their alcohol and aldehyde deriva- 
tives, the presence of which in the essential oils of plants and flowers is in 
large part responsible for their agreeable odors. A certain similarity of 
structure will be noted in the formulas shown below, and later we shall find 
that there is a strong resemblance between these structures and those of the 
cyclic terpenes. 

Myrcene, which occurs in bay oil, is an example of an open-chain terpene. 
It is a triolefin whose chain consists of two isoprene jmits (see page 627). 

H II 

CH.r-~C-=C— CH 2 — CH 2 — C— C=-CH 2 u Myrcene 

I II 

CHa CHa 

Following are several of the aldehyde and alcohol derivatives of open-chain 
terpenes. 
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Geraniol. Gcraniol is found in oil of rose and geranium, in lavender, 
citronella, etc. 

11 H 

c— CII2-CH2 — c=c~ch 2— on* 

!l I 

C CII3 

/ \ 

IT3C CITs 

Citral, Geranial, the aldehyde corresponding to geraniol, is found in oil 
of lemon-grass and of orange, and other essential oils. It is employed in 
the manufacture of ionone (page 635) and as a flavoring agent. 

Citronellol. 

H 

CII 2 — CTI 2 — CH 2 — C— CH 2 -CII 2 OII 

I I 

C CHs 

/ \ 

H3C CII3 

This is found in rose oils, and geranium oils, and is used in rose perfumes. 
Its acetate is also used in perfumery. 

, Citronellal is the aldehyde of citronellol, used in perfumery. It is an 
important constituent of oil of citronella. This oil has been used as a 
mos(iuito repellent. 


• Rubber 

The product we know as rubber is formed by the coagulation of the 
juice (latex) of trees or shrubs which are successfully grown in the Far 
East, in South America, Africa, and to a lesser extent in more temperate 
climates. The principal source is the tree Ilevea hrasilieiisis. The coagu- 
lation of the latex may be caused by the use of acetic acid or other acids 
or salts, or by evaporation. It will also coagulate on standing. It may 
be preserved by addition of ammonia and in other ways; large amounts of 
latex were imported as such to be used directly in industry. Such latex 
is used in making cord tires and a variety of dipped articles (gloves, etc.). 
It is possible to deposit rubber from the latex by use of the electric current, 
as the particles in the latex have a negative charge. In this way even 
deposits may be built up on odd-shaped forms. 

For rubber manufacture the coagulated latex is run through mills and 
washed, later it is ground or masticated in mills; various fillers are added 
(finely divided carbon black, zinc oxide, barium sulfate, etc.). The incorpo- 
ration of fillers saves rubber and also improves the quality of the finished 

Because of the double bonds in the chain, citral and gcraniol can occur in cis and trans 
forms. The natural citral is a mixture of these and the cis and trans forms of another isomer, 
having the left-hand double bond at a different station. 
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product. “Rubber” fulfills so many purposes in modern life that over 
30,000 different formulas are in use by rubber makers, and about 2000 
different materials are blended in the various mixtures. 

The rubber may now be molded to various shapes l)y the application 
of heat and pressure. For most uses it will require vulcanization. Unvul- 
canized rubber has some undesirable properties; it becomes brittle at low 
temperatures, it softens in hot weather, it is soluble in organic solvents, it 
is easily oxidized and hardened by exposure to air. 

In vulcanization the rubber is heated with sulfur. Accelerators are 
added to hasten the reaction between sulfur and tbe double bonds of the 
rubber hydrocarbon.* Rubber so treated loses its sticky consistency and 
gains greatly in elasticity and stability to temperature changes. Anti- 
oxidants are added with the accelerators to protect the rubber against 
aging. In the vulcanization of soft rubber about 5 per cent of sulfur is 
used. Large amounts of sulfur (20-50%) give hard rubber. 

Untreated rubber contains the characteristic substance caoutchouc, a 
terpene of the formula (CsHg),!. Its distillation gives principally isoprene, 
CsHs, polymers of isoprene, and other products. 

H 

Cn 2 — C — C— CH 2 Isoprene, 2-Methyl-l ,3-butadiene 

CHg 

Isoprene has been synthesized in several ways. The following is the method 
of Ipatieff, by which the hydrocarbon is formed by loss of hydrogen bromide 
from dibromomethylbutane: 

CHb CH3 

I H Ale I H 

CH3— C— C— CHsBr > 2HBr + CH2=C C=CH2 

I H KOH 

Br 

l, 3 -Dibromo- 3 -methylbutane Isoprene 

By treatment with acids, alkalies, or with metallic sodium, isoprene 
has been successfully polymerized to a form of rubber and such synthetic 
rubber has been vulcanized. It is of interest to note that isoprene may be 
made in good yield from turpentine by a process of recent discovery. It 
is possible that isoprene rubber will compete with other synthetic rubbers 
if this process is sufficiently developed. See also page 62. 

I I 

* Well known accelerators are “Captax” (mercaptobenzothiazole), C6H4N==C(S)*SH, 

I I 

“Altax'* (dibenzothiazyl disulfide), [CrH 4N==C(S)S]2, Tetramethylthiuram disulfide, (CH8)2- 
NCS SS CSN(CH8)2. The latter will vulcanize rubber without the addition of any elemental 
sulfur. 
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Structure of Rubber. Synthetic rubber produced from isoprene Is 
presumed to have a long-chain structure built up from isoprene units by 
1-1, 1-4, or 4-4 linkages. Natural rubber also has a long-chain structure, 
but it is thought to have only the 1-4 type of union between the isoprene 
units. 

— C— C=C— C— C— C--C— c— 

I I 

CHs CH3 

Carbon linking in rubber chain (?) 

Various molecular weights of rubber have been reported (100,000 to 300,000). 

Elastomers (Synthetic Rubber-like Products) 

Difficulties inherent in the large-scale production of isoprene have led 
to the use of other compounds of similar structure for polymerization to 
rubber-like materials. The following table lists the compounds of chief 
interest. 


Table 42. — C'ommeiu’ial Elastomerb 


Elastomer 

Starting ccuu pounds 

Peak 
yearly 
produc- 
tion, 
1943-4 
(tons) * 

Maker 

Ameripol. . : 

1,3-butadicnc, copolymerized with 


B. F. Goodrich Co. 


other compounds (formulas not dis- 




closed) 



Hy car 

As for Ameripol 


B. F. Goodrich Co. 

Chemigum 

As for Ameripol 


Goodyear Tire and 



Rubber Co. 

Butyl rubber 

Butenes with small amount of diolefins 

132,000 

Standard Oil Co. 

Buna S (Amprene) . . . 

1,3-butadiene and styrene (copoly- 

845,000 

StandaW Oil Co., 


mers) 


Firestone Tire and 




Rubber Co. 

Perbiinan 

1,3-butadiene and acrylonitrile (co- 


Standard Oil Co., 


polymers) 


Firestone Tire and 




Rubber Co. 

Thiokol 

Ethylene dichloride and sodium poly- 

60,000 

Dow Chemical Co. 


sulfide 



Koroseal 

Vinyl chloride with plasticizers (tri- 


B. F. Goodrich Co. 


cresyl phosphate) 



Neoprene 

Chloroprene (see below) 

69,000 

E. 1. du Pont Co. 

Vistanex 

Isobutylene 


Standard Oil Co. 

Resistoflex 

Vinyl alcohol (?) 


Re.sistoflex Corp. 


* These preliminary figures were revi.sed during 1943 as the volume of production of 
synthetic rubber increased. 
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Some of the materials listed on page 507 might be included in this list 
since there is no hard and fast definition of “synthetic rubber.” 

The majority of the elastomers are prepared as an emulsion in water. 
The mixture resembles latex and may be similarly used for the impregna- 
tion of fabrics. The solid elastomers are coagulated by the use of a weak 
acid as in the case of natural latex. Due to the varying composition of the 
elastomers there are corresponding differences in the methods of vulcaniza- 
tion. Koroseal may not be vulcanized. 

The synthetic elastomers arc in general superior to natural rubber in 
resistance to abrasion and to the action of oils and organic solvents; also 
in resistance to sunlight. 



Fig. 101. — Vessels for polymerization of synthetic rubber. (Courtesy of The B. F. Goodrich 

Company.) 

Butyl rubber differs in structure from the polymers made from diolefins. 
It is made from butenes with a small addition of diolefins and the polymer 
is unsaturated only to about the extent required for the reaction with sulfur 
in vulcanization. The finished butyl rubber thus avoids the unsaturation 
of natural rubber, believed to be responsible for poor aging and for oxidation. 

Synthesis of Neoprene, The following running equation outlines the 
steps in the synthesis of neoprene, starting with acetylene. 


-2HC=CH 


Cu salt 


solution 


H 

H2C=C— CeeeCH + HCl 


Vinylacetylene* 


H Cl 

CIl 2 =C — C=CHa Neoprene 

Chloroprene 


* Divinylacetylene, which is formed in the same reaction, is polymerized to make S.D.O 
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It will be seen that isoprene and chloroprene differ only in the replacement 
of a methyl group by chlorine atom. The more negative chlorine is prob- 
ably responsible for the rapid polymerization of chloroprene. Again, the 
polarity of the molecule caused by the presence of chlorine atom probably 
leads to a more regular type of iinifin as with natural rubber, rather than the 
irregularity noted in isoprene rubber. 

Rubber Chloride; Plioform. An interesting reaction of rubber is that 
with chlorine. Tiie re^sultijig rubber chloride has about 68% halogen and 
on this account does not burn. It is used to form paints which are fast to 
acid and alkali, and is suitable for use in plasticft. 

Other reagents which have been appli(‘d to rubl)er are: hydrogen, 
halogen acids, organic halides, nitrogen compounds, various acids, stannic 
chloride. Plioform is made by the use of chlorostann (ic) or (oils) acid. 

Pliofilm, made by reaction with hydrogen chloride, is cmiployed as a 
wrapping material. 

Isoprene as a Building Block. The isoprene unit is a very imjiortant 
natural building block. It occurs, for example, in vitamin A, in \^eg(dable 
and flower pigments, and in the simple terpeiK^s as well. The relationship of 
isoprene to geraniol (two isoprenes plus water), shown herewith, is a good 
example. 

H H 

CH2=C— C=CIl2 + CH 2 --C— C=CH2 

11 I i 

H CHs CHa OH 

H H H H 

CHs— C=C— C— C— C=C— CHjOH Geraniol 

CHs ins 


Lycopene is the red coloring matter of the tomato. Its formula .shows 
the recurring isoprene unit. See also Carotene, page 748. 


CHs CII3 CHs 


CH, 


CHs C=CH(CIl2)2C--CIT CH=CH C--CH CH==CH C=CH CH 

II 

CH3 C=CH(CH2)2C -<TI CH-=CH C--CH CII--CH C=^ 


CH3 CH3 CH3 CII3 


Lyco- 

pene 


Monocyclic Tbrpenks 

Monocyclic terpenes are derivatives of para and meta cymenc (methyl- 
isopropylbenzene). However, since these terpenes all have two double 
bonds, it is more convenient to consider them as derived from the corre- 


(Synthetic Drying Oil) for incorporation into paints. It gives a quick-drying, hard, water- 
resisting finish. The drying” effect is caused by further polymerization, which occurs alter 
the solvent evaporates. 
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Spending completely reduced hexahydrocymenes, which are called men- 
thanes. The monocyclic terpenes, then, are p- or m-menthadienes- 

CII3 



9 si ** 10 

CII3— C— CHa 


H 


P“Menthane 


The possibilities for isomerism in the terpenes are very numerous; 
p-menthadiene, for instance, has fourteen isomers. The number of possible 
isomers is still further increased by the presence of asymmetric carbon atoms 
in these compounds, thus allowing for stereoisomerism. The presence of 
the double bonds gives the terpenes an olefinie character which is retained 
when one or both double bonds lie within the ring. (We have already noted 
that dihydrobenzene and tetrahydrobenzene are olefinie in character; 
page 409.) 

Limonene. One of the most common of the monocyclic terpenes is 
limonene, which occurs in its d, Z, and racemic forms in oil of lemons, 
orange blossom oil, oils of bergamot, caraway. The distillation of caout- 
chouc also yields limonenes along with isoprene, etc. Racemic limonene, 
known as dipentene, is one of the products obtained by heating isoprene to 
300®C. (see page 634). Its structure is as follows: 


CH3 

I 

c 

/ \ 

HjC CH 

i I 

HjC CHa 

\ / 

CH 


I 

C 

/ \ 

H3C CH2 


Limonene 


Other monocyclic terpenes are the terpinenes, phellandrenes, carvestrene, 
sylvestrene, which are menthadienes derived from p- and m-cymene. 


Dicyclic Terpenes 


Like the monocyclic terpenes, the dicyclic compounds are derived from 
cymene. The second ring is formed by the inclusion of the isopropyl group 
within the benzene ring, as will be more easily understood by reference to 
the following graphs: 
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HjC 

H2C 


CHs 

L 

/' \ 


CHj 

I 

CH2 


\ / 

CH 

I 

CH 

/“\ 

HaC CH* 


If we imagine the isopropyl group of p-menthane to have been taken 
within the benzene ring, joining carbon 8 to carbon 1, the resulting structure 
is that of a dicyclic compound (Camphane), similar in structure to certain 
dicyclic terpenes. 

CH, 

i 


HjC: 

HjC 



HaCCCH, 


CHs 

in. 


Camphane 


C 

H 


Other compounds of this group have the “bridge” joining me<o* and ortho^ 
carbon atoms, as well as a para junction as shown here. 

Pinene. The most widely distributed compound of this group is pinene, 
which occurs in turpentine, pine-needle oil, and other sources, in both d 
and I forms. 


C 



Pinene 


* Finane group, 
t Carane group. 
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The “hydrochloride’’ of pinene has an odor like camphor and is called 
artificial camphor. The use of turpentine as a solvent in paints and var- 
nishes is familiar to all. It is also a good solvent for rubber, iodine, 
sulfur. Rosin or colophony is the resin which remains as a residue when 
crude turpentine is distilled. It is used in resin soaps, in sealing wax, sho(‘ 
wax, lubricants, as well as for sizing paper, as a paint drier, and a starting 
compound in synthesis of other resinous materials. 

An important acid of rosin is abietic acid, used as a varnish drier and in 
synthetic work. 


H3C coon 



Abietic acid 


Important Tbrpene Derivatives 

Menthol. This is an alcohol of the memthane scries, found in pepper- 
mint oil. It is used as an analgesic and antiseptic, for toothache, asthma, 
and in perfumery; also in face creams and ointments, on account of the 
cooling sensation it imparts to the skin. 


CHa 

I 

CH 

/ \ 

HjC CH, 


HaC C— OH 

\ /H 

CH 


i. 


HaC^ ^CHa 


Menthol 


Thymol is the cymene derivative corresponding to menthol. It is dis- 
cussed on page 508. A derivative of thymol, dithymol diiodide, known as 
aristol, is a well known antiseptic and iodoform substitute. 

Bomeol is an alcohol, found as the acetate in oils of thyme and valerian. 
Its oxidation yields camphor. It is used in perfumery, as is the acetate. 
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Borneol 


H 

Camphor is a ketone terpene derivative. It is obtained from the 
camphor tree of Formosa, Japan, and China. It is a white friable solid 
of characteristic odor, which is taken from its natural source by steam dis- 
tillation, or the application of boiling water. Its insecticidal powers have 
led to its use in “moth balls,” for which purpose it has been replaced to 
some extent by other compounds (page 584). Camphor is used somewhat 
in medicine as a sedative, analgesic, circulatory stimulant. It is largely 
employed in the preparation of celluloid and pyralin, also for making 
smokeless powder. 

Syntheses of Camphor. The importance of camphor has stimulated 
chemical research leading finally to its artificial preparation. The Komppa 
and Haller synthesis of camphor begins with the condensation of diethyl 
oxalate with diethyl /3,/3-dimethylglutarate: 


|OEt 

H 


+ H 3 C 

0 


OEt 

H| 


H 


H 

-C — C — OEt 


+ II3C— C— CH3 2 Et()H + H3C— C— CH3 

, I \ /^ 

C— iOEt Hi— C— C— OEt C C— C— OEt 

H H 

Diethyl diketoapocamphorate 

The various steps from this point comprise; 

( 1 ) Introduction of methyl group by the use of sodium and methyl 
iodide: 

CHs 


0 =C- 


i 


—OEt 


CHs- i— CHa 


-€— OEt 


o-=c 


Diethyl diketo 
camphorate 
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(2) Reduction and hydrolysis to dihydroxycamphoric acid: 


H 

HOC- 


CHa 

i- 


-C— OH 


CHs— C— CHa n 

I ^ 

HOC C C— OH 


Dihydroxycamphoric 

acid 


H H 

(3) Conversion to dehydrocamphoric acid by treatment with hydriodic 
acid and red phosphorus: 

CHa o 


HC- 


-C- 


-C— OH 


CHa— t:— CHa 


HC 


i- 


-C— OH 


Dehydrocamphoric 

acid 


H 


(4) Addition of hydrogen bromide, and reduction with zinc and acetic 
acid, to camphoric acid: 

CHa o 

I 

HsC C C— OH 


— C— 

CHa— c— CHa 


HaC 


-C- 

H 


C— OH 


Camphoric acid 


(5) Camphoric acid is converted to its anhydride: 

CHa 


HaC- 


-C 


/■ 


o 


HaC 


CHa — C — CHa O Camphoric anhydride 

/ 

H V, 

(6) The anhydride by several additional reactions yields camphor: 

CHa 


HaC 


HaC 


c=o 



Camphor 

(Bredt formula, 1893) 
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The above synthesis was extremely important as it furnished a proof 
of the structure of camphor. A simpler method of synthesis involves the 
treatment of pinene from turpentine with hydrogen chloride: 


CHs 



H 


Pinene 


HC 


/ 


CHa 

I 

C 



CH, 


CH. 


Intermediate 

compound 


CHs 



Bornyl 

chloride, 

“Artificial 

Camphor.’’ 


A rearrangement takes place during this reaction and the final product is 
bornyl chloride,* which, after conversion to its acetate, followed by hydroly- 
sis, yields borneol. The oxidation of borneol produces camphor, f 

Borneol acetate has the odor of pine-needle oil. It is a useful side-prod- 
uct of this synthesis. 


Relationship of Open-chain and Cyclic Terpenes 

A comparison of the formulas of the cyclic and open-chain terpenes 
shown in this chapter will reveal a close similarity in structure. This is 
more noticeable if the formula of the open-chain compound is made into 
an open ring as shown below for citral. It is quite apparent that if this ring 

* If pinene is heated with oxalic, benzoic, or other organic acid, the corresponding ester of 
borneol is produced. 

t See Ritteb. A new camphor synthesis. J. Am, Chem, Soc., 56, 3322 (1933). 
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were closed by joining carbons 1 and 6, the resulting structure would repre- 
sent a derivative of p-mcnthane. This transformation can, in fact, be 
carriefl out. Citral, when treated with potassium bisulfate and dilute sul- 
furic acid, is converted by loss of water to cymene: 


CHs 

1 

CH3 

1 

1 

c 

1 

c 

/ 3 \ 

11204 2CH 

/ \ 

HC CH 

1 1 KHS04 

II 1 

H2C5 iCH 

H2O + HC; ('H 

\6 11 H-.S04 

\ / 

CHO 

II 

C 

/ \ 

c 

1 

c 

/H\ 

H3C CHs 

HsC CHs 

Citral 

^>-Cymene 

Other examples of this type of change have made it clear that the rela- 
tionship between open-chain and ring terpenes is more than purely formal. 
The transformation of ring terpenes to open-chain compounds has also been 


effected, though not by such simple means as illustrated here. 
Relationship of Isoprene to Ring Terpenes. 


CHs 

1 

CHs 

1 

c 

/ \ 

C 

/ \ 

C CH 

H 2 C CH 

H 2 

300° 

H 2 


C CH 2 

II 2 C CHs 

\ 

\ / 

CH 

1 

CH 

1 

1 

c 

i 

/ \ 

/ \ 

H,C CH 2 

HsC CHs 

Two Isoprenes give 

Limonene (.«/ and 1 ) 


The scheme above shows how a derivative of p-men thane can be formed 
from isoprene. Similar schemes could be shown for the formation of the 
meta compounds. Whether or not these syntheses actually take place in 
nature, the relationship is suggestive and interesting. 

If the synthesis occurs, its order very probably is: (1) union of two 
isoprene molecules to form an open-chain terpene; (2) cyclization to a ring 
terpene. 
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Synthetic Perfumes, Flavors 


lonone. The substance irone, found in violets and responsible for their 
fragrance, has been closely imitated both in structure and properties by 
the ionones, condensation products of citral and acetone. 


CTI,, O 

\ H H II H |l lla(OH), 

O-C- CIIs— CII, O+HjC- C—CHa ^ H^O + 


CHa 


CH, 


CHs 


CII, CH, 

\ / 

c 


o 


\H H H II 

C— C—C-C— CHa 


C— CHa O 

^ II II 'I ll2S(), 

HC H€ C--C - C— CII;, -- 

I |l Heat I |< 1 

HaC CCII3 HaC CCHa 

\ / \ /• I 

C C /S-lonone has the 

Ha II double bond here 

Pseudo lonone a-lonont* 


A proposed formula for irone is given below for comparison with the 
formulas of the ionones. 


CH3 CHs 

V 

H/ \ H H II 
H3CC C»~C--C~-C— CII3 


H2C C— CH3 

\ / 


C 

H2 


Irone 


Syntheses such as this, by which complex molecules are cleverly built up 
from inexpensive originals, are highly prized by organic chemists. 

While considering the subject of perfumes and flavors, certain substances 
may be brought in which find such employment, though not related to the 
terpenes in a chemical sense. Some of these compounds are found in nature 
in the same source as the terpenes, and in fruits. A few have already been 
discussed on previous pages. 


Esters, 

Amyl acetate Used in pear essence. 

Ethyl acetate Used in essence of pear, cherry. 

Amyl butyrate Used in apricot essence, in pineapple oil. 

Methyl salicylate Used in oil of wintergreen. 

Amyl valerate Used in apple essence. 
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Aldehydes, ketones. 


Benzophenone page 557 

Cinnamic aldehyde In oil of cinnamon. 

Vanillin Vanilla flavor, made from eugenol, the 

chief constituent of oil of cloves (see 
page 553). 

Benzaldehyde Bitter almond oil. 

Piperonal A product of synthesis, also occurs in the 

heliotrope. It can be made from 
safrole, the chief component of sasvsa- 
fras oil, by a series of reactions like 
those used to form vanillin from 
eugenol. 


o 


HgC 


/ 


\/\ 


\ Xk H 

0/ ^CH,— C=CH2 


/ 

HaC 

KOH in \ 


O 


\/\ 


Safrole 


Alcohol 


0/ ^ \C=C— CHs 


Isosafrole 


Oxid 



In this case, as in the example on page 558, a double bond shifts so as to 
form a conjugated system with other double bonds. 


Ethers, 

Eugenol In oil of cloves. 

Ani.saldehyde Anise flavor. 

Diphenyl ether page 498. 

/3-Naphthol methyl ether page 589. 

Other Compounds, 

Coumarin page 653. 

^Phenylethyl alcohol page 493. 

Cinnamyl alcohol page 493, 

Benzyl benzoate page 493. 

Methyl anthranilate page 526. 

.Methyl salicylate page 529. 

Phenylacetic acid page 531. 

Musks page 446. 


In considering the competition of synthetic perfumes with natural com- 
pounds, the following data are of interest: 

For one ounce of natural violet oil about twenty-five tons of flowers are 
needed. 

A ton of roses yields about ten ounces of oil. 
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Lilac and lily of the valley perfumes have not been obtained successfully 
from flowers. The marketed products are synthetic. 

The use of terpenes in perfumes has more than an esthetic side, for as 
has been stated, a number have considerable antiseptic value. Citral, 
eugenol, thymol, menthol, safrole, and citronellol, all rank much higher than 
phenol in antiseptic power. Many have distinct medical uses, and all told, 
these compounds hold a prominent position in organic chemistry. 

Table 43. — Sales Data, II. S. A., 1936 and 1940* 


Amyl acetate 

Amyl salicylate 

Benzyl alcohol 

Couinarin 

Diethyl phthalaie. . 
Dimethyl phthalate 

Ethyl acetate 

Ethyl benzoate 

Isoamyl butyrate. . . 
Methyl salicylate. . . 
Phenylcthyl alcohol 
Vanillin 


Pounds, 1936 

Pounds, 1940 

11,776,930 


40,898 

66,907 

148,642 

121,084 

137,506 

245,688 

856,328 

1,869,683 

123,569 


55,778,905 

60,632,757 

1,852 

1,635 


6,469 

1,650,542 

1,486,791 

122,573 

171,668 

293,501 

619,407 


* From U.S. Tariff Commission Report. 

REVIEW QUESTIONS 

1. Give a working definition of the term “terpene.’’ 

2. Define the terms: sesquiterpene, hemiterpene, dicyclic terpene. 

3. Discuss the isomerism of citral. Is this isomerism also shown by citronellal? 

4. Write the graphic formula of vitamin A and indicate by the use of dotted lines the position 

of isoprene units in the molecule. Do the same with the formula of limonene. 

5. Show by equations the probable course of the reaction between bromine (bromine-water) 

and geraniol. Would a dilute solution of potassium permanganate be affected by 
geraniol.^ 

6. What tests could be used to distinguish geraniol from citral? 

7. Show by means of graphic formulas and discussion the relations which exist between 

borneol, camphor, and menthane. 

8. Give steps in the synthesis of camphor from pinene. 

9. Write equations for the reaction between borneol and benzoic acid. 

10. Show by graphic formulas and discussion the relationship between the open-chain and the 

monocyclic terpenes. 

11. List five substances of three different chemical classes which are used as perfumes or 

flavors. Show by equations the synthesis of each compound. 

12. Discuss the sources of the terpenes and the means employed in their isolation. 

13. Why should a perfume be a fairly good antiseptic? 

14. ‘ Does limonene have any double bonds? How should it react with an excess of bromine? 

15. Explain how it is possible for limonene to exist in d and I forms. Does it have any asym- 

metric carbon atoms ? Answer this same question for pinene. 

16. What compound should be formed by the complete reduction of menthol? of borneol? 

What is the relationship of the two reduction products? 
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17. Give a list of reagents which could be used to detect the carbonyl group of camphor. 

18. Write equations for four chemical reactions of dihydroxycamphoric atad 

19. Discuss, with specific details, the medical uses of terpenes. 

20. Discuss the industrial uses of terpenes 

21. What physical and chemical properties are of assistance in the identification of a terpene? 
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CHAPTER XXXIV 


HETEROCYCLIC COMPOUNDS 

Ring compounds having rings composed solely of carbon atoms are 
called hornocyclic compounds, or carbocyelic compounds. When other 
atoms are incorporated in the ring we have heterocyclic compounds. Among 
the atoms, other than carbon, used in ring formation are nitrogen, oxygen, 
and sulfur; less familiar compounds have phosphorus, selenium, etc., as 
ring-forming elements. Substances like cyclic anhydrides (succinic anhy- 
dride), lactones, etc., may be classed as heterocyclic, but arc not generally 
considered apart from the open-chain compounds from which they are 
derived, because they easily revert to these compounds by hydrolysis or 
other simple reactions. The rings we are to consider are much more stable. 

The reactions of all the single-ring heterocyclic compounds have some 
points of resemblance with benzene chemistry; however this analogy is 
sometimes very slight. For this reason a thorough consideration of these 
substances is not a part of an elementary study of organic chemistry. The 
number of known heterocyclic compounds is very large. The majority are 
derived from five- and six-atoni heterocyclic nuclei, or from condensed 
nuclei. 


Five-Atom Heterocyclic Nuclei 

Five-atom nuclei built up of carbon and the atoms oxygen, sulfur, and 
nitrogen are Furan, Thiophene, and Pyrrole. 


O 

/.\ 

HCe sCHa 


s 

/x\ 

HCs *CHa 


HC«- 


-»CH|8 HC< »CH;8 


Furan* 


Thiophene 


H 

N 

/x\ 

HCs jCHa 

II II 

HC< *CH|8 

Pyrrole 


A similarity of structure will be noted in these formulas; each has a system of double bonds 
and a hetero atom which can form “onium” compounds. The three functions are conjugated 
with each other as in benzene. Thus we may expect these compounds to show “aromatic*' 
properties. The stability of the compounds is increased by resonance (see page 398); for 
example, pyrrole resonates between the forms (I), (II), (III), (IV), and (V). 


* The formulas in this chapter show the hetero atoms of single ring compounds at the top, 
which is the latest approved way of writing them. In the journal literature and in other books 
they will frequently be found reversed, or perhaps turned to the side. Some of the condensed 
heterocyclic compounds are written with the hetero atom at the bottom. 
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H H H H H 

N+ N+ N4- N+ 

HC CH HC^ cn- -HC'^ ^CH HC^ ^CH HC^ ^CH 

hI; Ih H)i=CH III rii- -hc Li 

(I) (11) (HI) (IV) (V) 

The resonance energy of furan, thiophene, and pyrrole is 23, 31, and 31 Kg. cal, per mole 
respectively. 

Furan, which is a colorless low-boiling liquid, is obtained when pyro- 
mucic (furoic) acid is heated to its boiling point : 

o o 

/ \ / \ 

HC C— CO 2 H A HC CH 

il II -^C0,+ il II 

HC CH HC CH 

Furoic acid Furan 


Its most interesting derivative is furaldehyde (furfural). This is a liquid 
having a peculiar einpyreumatic odor. It is like benzaldehyde in its 
reactions, i.e., it yields a phenyl hydrazone, undergoes the Cannizzaro reac- 
tion (page 491), and yields furoin by methods which with benzaldehyde 
produce benzoin. 

O 

/ \ H 
HC C— C=0 

II II 

HC CH 

Furaldehyde, 

Furfural 

Furfural is produced from pentoses by distillation with sulfuric or hydro- 
chloric acid. A small amount is easily obtained in this way from bran. 
Corn cobs, straw, and other plant substances also yield furfural on similar 
treatment. Furfural is volatile in steam, and in experiments like the above 
it is detected by holding a paper moistened with aniline acetate solution in 
the escaping vapor. The furfural forms with this reagent a scarlet-colored 
derivative. 

Furfural is today produced in very large quantities by the digestion of 
oat hulls with steam under pressure, in presence of dilute sulfuric acid. It 
can be applied to the manufacture of synthetic resins of the type of Bakelite. 
It is used as a solvent for cellulose esters, and in paint removers. Further 
uses include: resin solvent, especially for abrasive wheels, preparation of 
shoe dyes, special solvent for purifying lubricating oils (see page 41), as a 
fungicide, weed killer. Derivatives of furan which have been prepared and 
studied include furfuryl alcohol, furfuramide, furoin, furil, substituted 
furoic acids, furoic esters, etc. 

Thiophene, C4H4S, occurs in commercial benzene in a concentration of 
about one-half per cent. It may be removed by repeated shakings with 
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concentrated sulfuric acid, or by warming with the same reagent. Thio- 
phenesulfonic acid, soluble in water, is formed, while the benzene is prac- 
tically unaffected. Thiophene may be prepared from its sulfonic acid, but 
more conveniently from sodium succinate and phosphorus trisulfidc. 

Thiophene, with a small amount of isatin dissolved in sulfuric acid, gives 
an intensely blue-green solution. At one time this was presumed to be a 
test for benzene. Victor Meyer however made the discovery (1882) that 
pure benzene, made from benzoic acid, did not give the test. The discovery 
of thiophene and many derivatives is due to his researches following this 
accidental occurrence. The continued presence of thiophene in commercial 
benzene is explained by its boiling point (84°), which is close to that of 
benzene. Many derivatives of thiophene have very nearly the same boiling 
points as the corresponding benzene derivatives, e.g.. 



B.p. 


B.p. 

Nitrobenzene 

210.9° 

2-Nitrothiophene 

225° 

Toluene 

110.8 

2-Methylthiophene 

112-3 

Chlorobenzene 

132.1 

2-(^hlorothiophene 

ISO 

/)-Dichlorobenzenc 

173 

2,5-Dichk)rot.hiophene 

170 


Pyrrole, C4H5N, was originally discovertMl in bone oil (Dippel’s oil), a 
product of the dry distillation of bones, from which it may be isolated by 
combined chemical and physical means. It may be synthesized by the 
reduction of succinimide, brought about by distillation with zinc dust: 

H H 

N N 

/ \ A / \ 

0=c C=0 — > 2ZnO + HC CH 

I II II 

-CH 2 HC Cl 


H.C- 


:h 


Succinimide 


Pyrrole 

Small amounts of pyrrole are found in coal tar. It is a colorless liquid, with 
an odor like that of chloroform, but slightly water-soluble, soluble in ether 
and alcohol. 

Chemically, pyrrole is a weak base due to the =NH group, also it may 
act as an acid, the imide hydrogen being replaceable by potassium. How- 
ever the salt so formed is completely hydrolyzed by water. With the 
halogens pyrrole forms substitution derivatives as does benzene, but ^yith 
greater facility. Tetraiodopyrrole : 

H 

N 

/ \ 

IC Cl 


lodol 


IC- 


-CI 


also known as lodol, is an antiseptic. Its action is like that of iodoform, 
but it is odorless, non-irritant and insoluble in water. 
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Pyrrole polymerizes quite readily, especially when treated with acids. 
Thus hydrochloric acid gives a trimer. This may possibly be formed by 
a Diels-Alder redaction between molecules. The formation of a dimer 
by this reaction is shown in the following equation. 



H 

N 


/ \ 

HC CH 

II II 

HC CH 


H H 

C N 


HC 

II ] 

HC 


\H/ \ 

C CH 


IHN 


M/H 


i: 




H 


The vapor of pyrrole forms a red compound in contact with a pine 
shaving moist with hydrochloric acid. The reaction may be used as a test 
for small amounts of pyrrole; certain derivatives of pyrrole also give this 
test. We note the pyrrole or pyrrolidine ring in many natural products, 
for example in nicotine, cocaine, atropine, chlorophyll, hemoglobin. 

Pyrrolidine. By complete reduction pyrrole is converted to pyrrolidine: 

H 

N 

/ \ 

H2C CH2 Pyrrolidine 

I I 

HsC CHj 


The compound may also be formed by healing tctramethylcnediamino 
dihydrochloride and treating the resulting salt with a base: 


H,C— CHz— NH2HCI 
H2C— CH2— NH2HCI 


H2C- 


NH4CI + 


H2C 


-CH2 H 

\ / 

NH 

/ \ 

-CH2 Cl 


Pyrrolidine is a strongly basic liquid having an odor like pepper. Its alpha 
carboxylic acid, proline, also hydroxyproline, are decomposition products 
of the proteins (page 719 ). 

Treatment of pyrrolidine with PCI 5 opens the ring to give l; 4 -dichloro- 
butane. This synthesis is valuable. 

Exhaustive Methylation. On page 312 it was shown that a tetraalkylammonium base 
when heated will undergo a decomposition which separates the nitrogen atom from the largest 
alkyl group. The method may be used with certain saturated nitrogen ring compounds; in 
this application the ring is broken and the nitrogen atom is removed from the compound. 
The method, known as exhaustive methylation, is of assistance in determination of the 
structures of complex nitrogen heterocyclic compounds such as the alkaloids. It will be 
illustrated with pyrrolidine. 
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H - H CHs 

N I— N— CHj N I— N(CH8)2 

/ \ /+\ / \ /+\ 

HjC CHj CH,1 HsO CHj NaOH HjC CHs CH,I IljC CHs AgOH 

d'Hs 


HjC- 


(I) 




IhC 


( 11 ) 


CH 2 


H2C- 


(iir) 


(:ii2 


(IV) 


(CH,)2 oh 


N(CH,)j 


HjC- 


(V) 


-CHs 


.HsO + 


HsC^ CHsCHsI 


(CHs), I 


-4 h- 


HsC CH, AgOH 


HsC 

(VI) 

(CH,), 


OH 

\ / 

N + 

--|_- 

HsC CHs A 

I II ^ 

HsC -CH 
(VIII) 


HsC— CH 
(VII) 


HsC CHs 

II II 

(CH,),N + HsO + HC— CH 
(IX) 


As seen, the method consists in loading the nitrogen atom with methyl groups, then heating 
the methylated ammonium base (V). The ring is broktrn and water is formed, one of the ring 
hydrogens being abstracted in the process. Repetition of these reactions removes the nitrogen 
atom from the compound leaving a diolefin. The structure of the original compound is 
deduced from that of the diolefin. 

The compound pyrazole is closely related to pyrrole, having an addi- 
tional nitrogen in the ring. Its reduction product is known as pyrazoline. 
See below: 


H 

N 


H 

N 


H 

N 


/ 

*\ 

/ 

\ 

/ 

\ 

HC, 

zCH 

HC 

N 

HC 

NH 

II 4 

all 

il 

li 

II 

1 

HC— 

CH 

HC— 

— CH 

HC — 

— CH, 


Pyrrole 


Pyrazole 


Pyrazoline 


Pyrazolone, the ketone derived from pyrazoline, has several important 
derivatives used in medicine. These are antipyrine and pyramidone: 


NH 


NCH, 


NCHs 
,/ \ 


HC 

II 

NH 

1 

HaCC 

NCsH, 

1 

HaCC 

NCeHfi 

1 

hL 

— (:=o 

HC — 

— c=o 

II 

(CHaljNC — 

^ ^ 


3-Pyrazolone 


Antipyrine 


Pyramidone 


Pyramidone is useful in the treatment of fever, headache, influenza. 

Five-atom heterocyclic compounds are known with three and four 
nitrogen atoms in the ring, also compounds having oxygen and nitrogen, or 
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sulfur and nitrogen. Examples of the last mentioned type are thiazole 
and oxazole. 

S O 

/i\ /i\ 

HC\ 2 CII H(’5 2 CH 


HC- 


-N 


Thiazole 


HC- 


-N 


HOb 

11 . 

HC- 


NH 

^\ 

2' 

3 


CH 


-N 


Oxazole 

(Known in derivatives 
only) 


Imidazole 


Note that vitamin Bi (page 749) contains the tliiazole ring. See also 
sulfathiazole (page 647). 

Six-atom rings with two hetero atoms are represented by pyrimidine 
and pyrazine : 


HC 

s 

HC 


N 


2CH 


N 

x./ 

c 

H 

Pyrimidine 
(See Vitamin Bi, 
page 749) 


HCg 

5 

HC 


N 


2 CH 

3 

CH 


N 

Pyrazine 
(See Vitamin B 2 , 
page 749) 


Six-Atom Heterocyclic Compounds 


But one member of this class will be discussed. This is pyridine, CgHeN. 
Pyridine is found in coal tar, in bone oil, also in tobacco smoke and in 
crude ammonia. It may be synthesized by the oxidation of piperidine. 
It is a colorless liquid with a nauseating odor, soluble both in water and in 
organic reagents. Its water solution is faintly alkaline to litmus. On 
account of its disagreeable properties, pyridine is used to denature alcohol. 
It is an excellent solvent for organic compounds, also for many salts. The 
alkaline powers of pyridine are put to use when it is employed in reactions 
to remove and bind halogen acid, for example in the Schotten-Bauinann 
reaction. 



Pyridine (Formula of KBrner, 1869) 


Pyridine is the simplest of the compounds about which the alkaloids are 
built (see next chapter). It may be looked upon as benzene in >vhich 
— C= has been replaced by — N==. The arrangement of bonds is like 
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that in benzene. Like benzene, pyridine is a resonating molecule; the 
resonance energy is about 40 Kg. cal. per mole. Pyridine is even more 
stable toward oxidizing agents than is benzene, though it may more easily 
be reduced. As pyridine dissolves potassium permanganate and is not 
affected by it, the solution may be used for oxidation of other compounds. 

Substitution by halogen atom, nitro, or sulfo groups is more difficult 
than with benzene. Alkyl side-chains on the pyridine ring oxidize to 
carboxyl, as with benzene. The following acids result: 



yN. 

yN. 

V 


\/ 

COjH 

-Picolinic acid 

Nicotinic acid* 

Isonif^otinic acid 


Like the phthalic acids of the benzene series, these pyridine acids are used as 
“reference compounds,” to determine the relative position of groups on the 
ring (page 418). The positions on the pyridine ring are indicated by 
letters or by a number system (see formula). 

Pyridine reacts with acids to form stable salts, and adds alkyl halides, 
producing pyridinium derivatives: 


+ CH3I [ 

\/ 


N-Methylpyridinium iodide t 


When a pyridinium salt is heated a migration of the alkyl group takes place, 
just as happens with substituted amines of the benzene series (page 460). 


HaC^/N— I H— N— I 


CH3 


and 


H^N^I 




Complete reduction of pyridine yields piperidine: 



H 






Piperidine 


The latter may be synthesized by heating pentamethylenediamine hydro- 
chloride, which loses ammonium chloride. Piperidine is a liquid whose odor 


* Nicotinic acid is being used with success in the treatment of pellagra, which is stated to 
be a deficiency disease caused by lack of the acid and its amide. See page 750. 
t See footnote, page 447. 
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resembles that of ammonia. It may be obtained from the alkaloid piperine, 
a constituent of pepper (page 660). 

It has been mentioned that the pyridine nucleus is found in important 
alkaloids. It is also present in vitamin Be (page 750), and in nicotinic acid 
(page 750). Two “sulfa” drugs based on pyridine and thiazole respectively 
are sulfapyridine and sulfathiazole. Both are important in medicine (see 
page 470) in treatment of pneumonia, gonorrhea, other infectious diseases. 


Nila 

/\ 

H 

SOaN — 

Sulfapyridine 


NHa 

/\ 




H 


S- 


SOaN— C 

\ . 

N 

Sulfathiazole 


CH 

I! 

c:h 


Pyrimidine Derivatives 


The pyrimidine bases are decomposition products of the nucleopro- 
tcins. Two types of formulas are shown for these compounds; one type 
is that proper to heterocyclic compounds, the other, the rectangular type, 
is still in use with many chemists. 

NH 

HN— C=0 

r— O I I 

I 0=C CH 


N 

1 

N- 

6 

-CH 


/‘\ 

lU 

lU 

HC* ( 

HC« CH 

HC 

CH 

II 

II 1 O'" 

1 

1 

HC I 

HC‘ *N 

N-- 

-CH 

\ / 

\4/' 

3 

4 

C 

II 

c 

Pyrin 

lidine 

II 

H 



o 

Nil 







HN— C=0 

HC« C==0 



1 1 

11 1 

or 

0=C C— CHs 

CHsC NH 



1 11 

\ / 



HN— CH 

C 




II 


Thymine, 5-Methyl- 

o 



uracil 


or 


NH 


HC« 

I 


H 


V 

l!fH, 


HN— CH 

Uracil, 2j4)ioxy- 
pyrimidine 


N=C— NH2 


'c=o 

1 

or 

O 

II 

-o— 

a 

_N 


HN— CH 


Cytosine, 2-Oxy-6-amino« 
pyrimidine 
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Inspection of these formulas shows that the pyrimidine ring is contained 
in the structure of uric acid, page 278, and in that of purine, below. The 
oxygen derivatives of pyrimidine, like those of purine, show keto-enol 
tautomerism. 

Example : 



H 

N 

N 

/ \ 

/ \ 

HC COH 

HC C=0 

II 1 

^ 11 1 

HC N 

HC Nil 

\ 

\ / 

C 

1 

C 

11 

1 

OH 

d 

enol form 

Kelo form 


Purine Derivatives 

Important natural compounds are built upon the purine nucleus. 


H H 

C N 

Ni sC sCH 


HCa 4C- 

\ s/ 

N 


-N 


N-- CH 

l‘ ‘I 

or HC* “C— NH 

CII 

€— N9 


Purine 


Hypoxanthine, 6-oxypurme. Present in blood, urine, etc. 


O 

II H 

C N 

/ \/ \ 

HN C CH 


or 


HC C- 

\ / 

N 


-N 


HN- 

I 

HC 


N- 


-C==0 


H 

-N 


-N 




CH 


Xanthine, 2,6-dioxypurine. This is found in the liver, blood, urine, 
also in tea. 

O HN C=0 

I I H 

0=C C N 

or 1 II CH 


li H 

C N 

hn'^ ^c"^ ^ch 

t 


o=c 


V 

H 


-N 


HN- 




-N 
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Adenine, 6-aininopurine. Found in extracts of animal tissue. 
NHj 


H 

C N 

/ \ / \ 

N C CH or 

I !l II 

HC C N 

\ / 

N 


N==CNHj 

I I ’H 

HC C N 


N- 


-N 


/■ 


CH 


Guanine, S-amiiio-O-oxypurine. Present in the liver, pancreas, also in 
animal tissues, and in guano. 


O 

11 

c 


H 

N 


/ \ / 

\ 

HN C 

CH 

i II 

II 

H 2 N— c c- 

— N 

\ / 



or 


HN- 

I 

HjNC 


-c=o 


H 

-N 


\ 


N C N 




CH 


N 


These purine bases are products of the decomposition of the proteins 
of cell nuclei (nucleo proteins), as are the pyrimidine bases. 

Theobromine, 3,7-dimethylxanthine. This is present in cocoa beans 
to the extent of 1 or 2 %. It is a diuretic and a stimulant. ' 


O 


CHs 


C N 

/ \/ \ 

HN C CH 


0=C C- 

V 

I 

CH, 


-N 


or 


HN C=0 

I I 

0=C C N 

HsCN- C^— N 


CH 

/ 

\ 

CH 

/■ 


3 


Caffeinei 1,3,7-trimethylxanthme. Caffeine is found in coffee beans 
(M%) ftiid in tea ( 2 - 4 %), It acts as a diuretic, also as a stimulant to the 
heart and central nervous system. It relieves fatigue and quickens the 
brain, but habitual excess in its use is harmful to the digestion. 
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0 CH3 

H3CN— 

— c=o 

CH; 

11 1 


1 

1 


/ 

C N 

o=c 

c 

-N 

/ \/ \ 





\ 

H,C— N C CH or 





CH 

1 II II 






^ ^C N 

HsCl 

SI— 

— ( 

’I 

-N 


N 

I 

CH3 

Theophylline which is 1,3-dimethylxanthiiie, and isomeric with Iheo 
bromine, is found in tea leaves. It is used as a respiratory stimulant. 


Other Condensed Heterocyclic Compounds 


Several condensed heterocyclic compounds of interest are formed by 
fusion of the benzene ring with the five-mem bered ring.s already discussed in 
this chapter. Examples of such compounds include the following: 
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CH 



Benzofuran, 

(3oumaronc 


Benzofuran occurs in coal tar. Treatment with acid gives coumarone 
resins. 
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\ 

CH 


CH 

Thianaphthene, 

Benzothiofuran, 

(Benzothiophene) 

Thianaphthene occurs in lignite coal tar. Its odor is like that of 
naphthalene. 
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Indole (Benzopyrrole) 
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Indole is formed in the body upon the decomposition of certain proteins 
and will be discussed later in that connection (page 761). It is also impor- 
tant through its relationship to indigo (page 693). 
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Indole is found in nature in coal tar, also in oils of jasmine, neroli, clove 
flower. It is used in perfumery. One method of synthesis is by i eduction 
of o-nitrocinnamic acid : 
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Indole -3 -acetic acid has been found in plants. It is a growth hormone 
or auxin, now being marketed for forcing growth of roots on plant cuttings. 
Indolebutyric acid (Hormodin), and Naphthalene- 1 -acetic acid are similarly 
used. Sec Reference 13, page 657. 

Skatole, or 3-methylindole, is present in the feces. It is formed when 
certain proteins putrefy. Its odor is intensely disagreeable. 
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CII 
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C— CHa 



By the fusion of a benzene and a pyridine ring two important compounds 
are formed, quinoline and isoquinoline. It will be noted in the following 
chapter that both of these compounds serve as nuclei of alkaloids. 

Quinoline. This is a colorless liquid with a pleasant characteristic odor. 
It is present both in coal tar and in bone oil,* but is commonly obtained 
synthetically by the Skraup method. It is insoluble in water. 


Quinoline 
7 

Quinoline bears the same relationship to pyridine that naphthalene does 
to benzene. It resembles pyridine in its chemistry. Thus it combines with 
methyl iodide by addition, and it is alkaline to litmus. The differences in 

* Alkylated quinolines and isoquinolines and other nitrogen bases are present in petroleum 
in small amounts, and may possibly have commercial significance, for example in the prepa- 
ration of insecticides. 
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reactivity between pyridine and benzene are clearly seen in this compound 
where both rings are together. Substitution affects the benzene ring 
exclusively, and groups are brought into the pyridine ring by indirect 
methods. Oxidation attacks the benzene ring first, while reduction first 
affects the pyridine ring. The structural relationship of quinoline and 
naphthalene has been pointed out; however, it should be noted that quino- 
line shows the greater complexity, of which an instance is seen in the fact 
that quinoline has seven inonosubstitution products, while naphthalene has 
but two. 

Skraup synthesis of quinoline. 


HsC— on 

I 112804 H H 

HC— OH > msO + CH2=C— C —0 Acrolein 


H2C— OH 


NH2 


H H 

-f- CH2=C— c=o 




H 

N 

•HjO + l 

\y CH2 

/ 

CH 



H 
N 

/%/ \ 


+ 


H 


N 

CHj Oxid ^CH 

^ H2O+ I 


c 

H 


H 


Quinoline 


In performing this synthesis, aniline, glycerol, nitrobenzene or arsenic acid 
(oxidizing agent), and sulfuric acid are mixed in the proper proportions. 
The above equations illustrate the probable course of the reaction. Another 
synthesis of quinoline involves the use of glyoxal and o-toluidine: 


H 

0 ==C 
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Quinoline has a strong antiseptic action. It and several of its salts are used 
in medicine. Formulas for quinine and plasmochin, used in the treatment 
of malaria, are shown on page 661 . Both of these are quinoline derivatives. 
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The compound 8-hydroxyquinoHne is of considerable interest in connec- 
tion with inorganic quantitative analysis. It yields colored precipitates 
with many metals, which are sufficiently insoluble in water to meet the 
needs of quantitative analysis. Many other organic compounds are now 
being used in this way in analytical work, among which may be mentioned 
dimethylglyoxime, salicylaldox me, a-nitroso-jS-naphthol, aurintricarboxylic 
acid, and many others. These form complex compounds with the metals 
as suggested on page 615 in connection with alizarin. 

Isoquinoline. There are two ways in which a benzene and a pyridine 
ring can be united; one of these appears in quinoline, the other gives rise 
to the isomeric compound called isoquinoline. 



Isoquinoline 


This compound is found in coal tar. It is normally a liquid, with an 
odor like that of quinoline or beiizaldehyde. Isoquinoline is chemically 
much like quinoline, with the following exceptions: (1) the compound is more 
basic than quinoline; (2) the pyridine ring is not so stable, and upon oxida- 
tion both pyridine and benzene rings are attacked. 

Synthesis of isoquinoline from benzaldehyde and ethylamirie : 


H 


+ HaNCHii— CHs 



2H2 + 


vA/ 


Isoquinoline 


Coumarin is a compound of agreeable odor which is present in new- 
mown hay and tonka beans. It is used as an adulterant for vanillin and for 
flavoring purposes and perfumes. For synthesis, see page 532. 
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Coumarin, 1 , 2-Benzopyrone 


In the following compounds two benzene rings are fused with a five- or 
six-membered heterocyclic ring, 

Xanthone. In xanthone we find the heterocyclic ring common to the 
py rones. It will be seen that coumarin is a derivative of alpha pyrone. 
We note this ring in several important dyes. 
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Xanllione 


Acridine or dibenzopyridine, which occurs in coal tar, may be synthe- 
sized from formyldiphenylamine by loss of water: 
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Formyldiphenylamine 


N 

Acridine 


It is the nucleus of the acridine dyes and of several important medicaments. 
Formulas for acriflavinc and proflavine are given on page 700; that of ata- 
brine, a valuable drug for malaria treatment, is shown on page 662. 

Phenothiazine, whose structure is like that of acridine, is made from 
diphenylamine and sulfur. It is used as an insecticide and for combating 
intestinal worms in sheep. 
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Phenothiazine 


Dibenzofuran (biphenylene oxide) may be made from phenol by heating 
with PbO. 
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Dibenzofuran 


Dibenzothiophene (biphenylene sulfide) is formed at high temperature 
from phenyl sulfide. 



Dibenzothiophene 
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Carbazole or dibenzopyrrole is used in making dyes. 

tar. 


H 

N 


/\/ 




Carbazole 


It occurs in coal 


Tablk 44. — PHYSK Aii (' 0 N 8 TANTH OF IIetekooyclk; Compounds 


Name 

M.p., °C. 

n.p., 

Ka or Kb 

Puran 


31.4 


Furaldehyde 

~ S8.7 

100.5^12 


Thiophene 

- SO 

84 


Pyrrole . . . 


131 


Pyrrolidine 


88.5 


Furoic acid 

I lSii.5 

230 

7-1 X 10-6 

Pyrazolc 

; 70 

180-8 


Pyrazoline 


144 


Pyrazolone .... 

105 

Sub., dec. 


Thiazole 


110.8 

3.3 X 10-^2 

Imidazole 

1 K9-00 

255 0 


Pyridine 

i -.1.2 

115-0 

2.3 X lO-” 

Picoline (a) 

- 70 

128.8 


Picoline {(3) 


U3..5 


Picoline (7) ... 


143.1 


Nicotini(t acid 


Sub. 


Picolinic acid ! 1 

1S7-0 

Dec. 


Isonicotinic acid 

317 

Dec. 


Piperidine 


100 

1 .6 X 10-’ 

Coumarone 

<- 18 

173-4 


Thianaphthenc; 

31-2 

220 1 


Indole 

52 

253-4 


Skat ole 

95 

265-6^65 


Quinoline *. 

- 15 

237.1^^7 

1 X 10-“ 

Isoquinoline 

24.0 

240.5^»3 


Coumarin 

70 

290-1 


Xanthone 

178-4 

349-50^30 


Acridine 

110-1 

340 


Dibenzofuran 

80-7 

287-8 


Dibenzo thiophene 

97 

333 


Carbazole 

244.8 

354.8 



Besides the heterocyclic compounds shown in this chapter others are 
known whose structures will be found in the larger texts of organic chemistry. 

REVIEW QUESTIONS 

L Write equations for the reactions of furaldehyde with the following; (a) KOH solution;^ 
(b) Phenylhydrazine; (c) KCN solution; (d) An oxidizing agent. 
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2. What explanation may be offered for the predominance of five- and six-atom ring struc- 

tures among cyclic natural compounds? 

3. Show by equations the synthesis of pyrrole from ethylene dibromide. 

4. How could the above synthesis be modified so as to produce pyrrolidine? 

5. Write the graphic formula for 2-nitrothiophene. What should be formed upon its reduc- 

tion? What benzene compound might have physical properties similar to those of the 
reduction product ? 

6. How many isomeric monochlorobenzenes exist? How many monochlorothiophenes? 

Which of these is listed on page 642? Answer the same questions for the dichioro 
products. 

7. Write equations for the synthesis of a dye compound from furaldehyde, dimethylaniline, 

etc. (see page 552) . 

8. Write graphic formulas for: (a) a-Bromofuran: (b) 2-Todolhi()phene; (c) 2,5-l)initro- 

pyrrole; (d) 5-Chloro-2-furoic acid; (c) Pyrrolidine hydrochloride; (f) Oxazolc*, (g) 
Pyrazoline; (h) 2,5-Dinitropyridine; (i) Coumaronc; (j) 3-Ethylindole; (k) 3,7-Di- 
chloroquinoline. 

9. How many isomeric dichloroquinolines should exist? How many dichloroisoquinolmes? 

How many chlorobrornoquinolines? 

10. Name heterocyclcs present in the formulas of the following: (a) Coumarin; (b) Auabasine; 

(c) Quinine; (d) Tropine. 

11. Summarize by means of equations the chemical behavior of pyridine. 

12. Give equations for the synthesis of pyridine, of quinoline, and of acridine. 

13. Write equations for the reactions of quinoline with: (a) Ethyl iodide; (b) A reducing 

agent. 

14. List fifteen compounds of the aromatic stories which occur in coal tar. (iroup these accord- 

ing to their structures and chemistry. 

15. Write a complete synthesis of coumarin, beginning with benzene. 

16. Which should be the stronger base, p^Tidinc or piperidine? Why? 

(11)17. Do you think that pyramidone is a colored compound? Why? If it is colored, i« it a 
dye? Why? 

18. The formula for acridine is sometimes written with a “para bond.” What justification is 

there for this formulation? 

19. Illustrate how a tripolymer may be formed from pyrrole by a Diels- Alder reaction. 

20. Show two ways of going from 1,4-diaminobutane to 1,4-dihydroxybutane. 

21. Propose a method of synthesis of carbazole based upon those methods given for the synthe- 

sis of dibenzofuran and dibenzothiophene. 

22. What evidence have we that quinoline has a benzene ring? How do we know that it has a 

pyridine ring? 

23. Give the complete chemical names of antipyrine and pyramidone. 

(R)24. Write graphic formulas for the tautomeric forms of oxindole and dioxindole. 

25. List all compounds described in this chapter which have medical applications, and give 
specific uses for each compound. 
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ALKALOIDS 

The vegetable alkaloids are naturally-occurring, cyclic, nitrogenous, 
basic compounds. They are found in plants (generally of the class of 
dicotyledons), combined with organic acids such as lactic, citric, malic, 
oxalic, etc., commonly found in plants, or with special acids, e.g., meconic 
acid with morphine, quinic acid with quinine. In some cases they exist as 
glycosides. 

Alkaloids contain carbon, hydrogen, nitrogen, and usually oxygen. 
They are for the most part colorless solids, though a few which are oxygen 
free are liquid (nicotine, coniine) and several have a slight yellow color. 
They are insoluble in water,* but more or less soluble in organic solvents, 
and, as most of them are tertiary amines, they unite with acids to form 
water-soluble salts. These salts, hydrochloride, sulfate, etc., are generally 
used in medical work. 

Alkaloids are optically active (mostly levorotatory), are bitter in taste, 
and have marked physiological activity, some acting as violent poisons. 
They are very extensively used in the field of medicine, where they perform 
most valuable service. 

Certain substances known as ‘‘alkaloidal reagents’* precipitate alkaloids 
from their solutions; these include tannic acid, picric acid, phosphotungstic 
acid, and others. The same substances may be used to precipitate proteins. 
Certain reagents develop strong colors when applied to alkaloids, aiding in 
their identification. These color tests are taken up in the chapter on 
“Analysis and Identification.** 

Study of the alkaloids has shown that they are built up around several 
well known heterocyclic compounds; these are pyrrole, pyridine, quinoline, 
and isoquinoline, t These compounds were taken up in the chapter on 
heterocyclic compounds. In the present chapter alkaloids belonging to 
each group will be shown, but their reactions and synthesis cannot be dis- 
cussed in any detail, as the subject is too difficult for elementary treatment. 

* The liquid alkaloids are water-soluble. 

t Caffeine, theobromine, xanthine, and other derivatives of purine, also aliphatic nitrogen 
bases such as neurine, muscarine, putrescine, cadaverine, choline, ephedrine, epinephrine, etc., 
several of which have strong physiological action, may be considered as alkaloids. On account 
of their relationship to non-alkaloidal compounds, however, they are usually termed vegetable 
bases, while the term alkaloid is reserved for derivatives of heterocyclic nuclei. 
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Pyridine Alkaloids 

'Coniine. Coniine is a dextrorotatory liquid alkaloid, obtained from 
hemlock seeds. It was the first alkaloid to be artificially prepared, and is 
among the simplest whose structure is known. Coniine is quite poisonous 
(eight times as toxic as piperidine), about 0.2 gram being a fatal dose. It 
was with this substance (hemlock juice) that Socrates was put to death. 
The structure of coniine is determined from its reactions and its decom- 
position products. 

Structure. Coniine, CgllivN, distilled with zinc dust, yields three 
molecules of hydrogen and a new compound CgHnN, called conyrine. 
Oxidation of conyrine yields picolinic acid; therefore coniine itself has but 
one side-chain and this must be in the a-position (see page 646 ). The side- 
chain is composed of three carbons (conyrine, Cg minus pyridine, C5). 
Therefore conyrine is either a-propyl- or a-isopropylpyridine, and coniine 
is the corresponding derivative of piperidine. 

Since the reduction of coniine yields normal octane and ammonia: 

NH3 

CII3 CHa— CH2— CH2— CH3 



the side-chain must be unbranched. Coniine is therefore a-propyl- 
piperidine : 

H 


N 

/ \H 

HjC C— CHz— CH2— CHa 

1 I 

H2C CHa 

V 

H2 


Coniine 


Synthesis of Coniine from a-picoline (a-methylpyridine) and acetalde- 
hyde ( 1886 , Ladenburg) : 

^ H II 250 ° II II 

-CHs + 0=CCIl3 » II2O + /Nc=c— CH, 


H 

3^ H H Redn S’ hH 2 H 2 

|/ \c=c— CH, ^ y-C— C— CHs 

hI Jh2 


V 


H2 
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The dextro compound, identical with natural coniine, is obtained by frac- 
tional crystallization of the tartrates of racemic coniine, the product of the 
synthesis shown above. 

Nicotine. Nicotine, obtained from the tobacco plant, is a liquid alkaloid. 
It is water-soluble, and has a strong odor like that of a foul tobacco-pipe. 
It is highly toxic, much more so than coniine. Oxidation with nitric acid 
yields nicotinic acid; therefore it is a pyridine derivative witli substitution 
in the /3-positioii (see page 646). The complete formula is shown below: 


N 

CH, 

1 


N 

1 

H/ \ 


- C CH 

1 1 


HaC CHi 


Nicotine 


Inspection of this formula shows that nicotine could as well be considered 
as a derivative of a reduced pyrrole ring (pyrrolidine). By some authors 
it is so considered, being grouped with atropine and other alkaloids which 
have this ring. 

Nicotine is used as an insecticide and for delousing poultry. Powdered 
tobacco has been used in the same way. Nicotine thiocyanate has been 
tried as an agricultural insecticide with good results. 

Nicotine has been synthesized. The resulting racemic compound was 
separated and the leva isomer was shown to be identical with nicotine from 
natural sources. It is more toxic than the rf-compound. The isomeric com- 
pound, anabasine, is also used as an insecticide. 


N 




H 


H; 


V 


'H, 


Anabasine 


>/ Piperine. Piperine is obtained from black pepper, and is a solid, taste- 
less substance, without optical activity. 



It will be noted that the compound is an amide. Its hydrolysis yields 
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piperidine and piperic acid, the break occurring at the bond marked with 
the dotted line. 



=c— c==c— c 

H H H H \ 


O 


OH 


Piperic acid 


It is interesting to note that the oxidation of this acid, by breaking the 
double bond near the ring, produces piperonal, a perfume material (page 636) 
whose name is based upon this method of preparation. Further oxidation 
yields piperonylic acid : 



Piperonal Piperonylic acid 


Piperine is used as an antipyretic and to relieve colic. 

Quinoline Alkaloids 

Quinine and Cinchonine are alkaloids found in cinchona bark where they 
occur with about twenty others. 


N 



Cinchonine is like quinine in structure but lacks the methoxy group at (A). 

Chief interest attaches to quinine, which has long been used to allay 
fever and in the treatment of malaria. In malaria it appears to have a 
specific action as a poison to the parasites, while sparing the cells of the 
host. Cinchonine has about the same physiological effects as quinine. 
Quinine and its derivatives have antiseptic and local anesthetic action. 

The organisms which cause malaria reproduce in man by simple division but in their other 
host, the mosquito, sexual forms of the parasite appear. Quinine attacks the asexual form of 
the parasite (thus relieving malaria), but does not suppress the sexual forms which spread the 



663 


TEXTBOOK OF ORGANIC CHEMISTRY 


disease. Atabriiie» a synthetic antimalarial» acts in a similar way. Plasmochin, another 
synthetic compound, has an advantage over quinine in that it attacks the sexual forms of 
the malaria parasite, so preventing spread of the disease. It is used wdth quinine in treatment 
of malaria. 


CH,Or^/\ 


C2HB 




II 


NCHoCIlaCIIaf^— NH 

I I 

CsHb ( H, 

Plasmochin 




CH,Ol ^ 

CjHs \/\/\/^ 

I H I 

NCHsCIIsCH^C— NH 


C2TI& 


(’Hs 

Atabrine 


Although quinine and cinchonine were first isolated in 1830, their 
formulas were not fixeil until 1931. Their oxidation produces the following 
acids ; 


/VN' 


HsCOXAy 

C02H 


Quininic acid 




Cinchoninic acid 


whose structures are known. It will be seen that these two acids bear the 
same relation to their parent alkaloids, and in each case the residue (^oHisN 
(OH) has still to be accounted for. The structure of this part of the mole- 
cule was recently established by synthesis. 

Several derivatives of cinchoninic acid employed in medicine are atophan, 
£-phenylquinoline-4-carboxylic acid, and novatophan : 




-CeH, 


CO2H 


Atophan, 

Cincophen 



CO2C2H5 


Novatophan, 

Neocincophen 


Atophan and novatophan are used in treatment of gout. The action 
is like that of salicylates, Novatophan is less irritating than atophan. 

Indole Alkaloids 

Strychnine and Brucine are obtained from the seeds of nux vomica and 
from Ignatius beans. Strychnine was first isolated in 1818, and its molec- 
ular formula was established twenty years later. The skeleton formula 
given below is not, however, known to be correct, as this alkaloid has not 
so far been synthesized. 
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HsC- 


-CH* 


(CHsO)|^- 

(CHaO)!^, 
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Ha I 
C N 
/ \H/ \ 

C CHa 


C- 


\ /h\h/h 

N C 

I I 
c c 

/ \ /n\ H. 

o c o— c 

112 


I 

-c 


CH 


Strychnine, C21H22O2N2, pro- 
posed skeleton structure. 
Brucine, C28H26O4N2 is dime- 
thoxystrychnine. 


Strychnine is employed in medicine for tonic or stimulating action. 
Overdoses cause convulsions which resemble those of tetanus. A second- 
ary use for strychnine is for poisoning rats and other animals. 

Brucine has a physiological action like that of strychnine, but is less 
toxic. This alkaloid is frequently used for the separation of optically active 
substances, according to the method developed by Pasteur (page 339 ). 
The more costly alkaloids (Cinchonine, Morphine, etc.) are also used for 
this purpose when necessary. 


Isoquinoline Alkaloids 

From tlie many alkaloids of this group but one, Hydrastine, will be 
shown. This alkaloid is obtained from the root of golden seal. 


H2 



Hydrastine 


Hydrastine is an astringent and styptic, used to check uterine hemorrhage, 
etc. Hydrastinine, an oxidation product of hydrastine, is used to check 
internal hemorrhage. 


Opium Alkaloids 

Several alkaloids found in opium have great importance and wide use. 
Among these are Morphine and Codeine. These occur in the dried sap of 
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the poppy, along with gums, resins, sugar, protein matter, and about twenty 
other alkaloids. Neither morphine nor codeine has yet been synthesized; 
therefore the formulas cannot be considered as final. 



Morphine (Gulland and Robin- 
son). Codeine has the same 
framework with a methoxy group 
at (A) instead of hydroxyl. Di- 
acetylmorphine is known as 
heroin. 


Morphine is given for the relief of pain, very small amounts (about 
0.01 gram or less) being effective. In larger doses it causes sleep. It is a 
habit-forming drug, the habit being very difficult to break. Codeine has a 
sedative action; it is less habit-forming than morphine, and is substituted for 
morphine in many cases. 

These alkaloids are seen to have the phenanthrene nucleus. Morphine 
when treated with concentrated acids loses a molecule of water and under- 
goes a profound structural change. Along with this change in structure 
we note a like change in action, Apomorphine, the new compound pro- 
duced, is an effective emetic, useful in poisoning cases. 


CHs 


HCI 

Morphine > 

150 ° 



Apomorphine 


The National Research Council is sponsoring research at the National 
Institute of Health, with the object in view of replacing morphine with 
some synthetic compound which will have the valuable analgesic action of 
morphine, but avoid its habit-forming tendency. Valuable findings have 
already resulted from this study. 

Atropine, Cocaine (Condensed Piperidine-pyrrolidine Alkaloids) 

Atropine is contained in several plants (belladonna, henbane, thorn 
apple) in small amounts, being usually obtained from belladonna root. 
In nature it is racemic; along with it is found its levo isomer, hyosoyamine. 



H 

HjC C 
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CH, 


H*C 



CeHs 


CH20H 


Atropine is a violent poison, as little as 0.10 gram proving fatal. It acts as 
an anodyne and mydriatic, used principally in ophthalmic work to dilate the 
pupil of the eye, so as to allow a better examination of the interior. 

Cocaine proceeds from an altogether different source than does atropine, 
being extracted from the leaves of the coca tree: however, the two alkaloids 
are alike in structure, and hence in physiological action they somewhat 
resemble each other. 


HjC 


HaC 


H 

-C- 


H 

-C- 


-C—OCHa 


N— CHa C- 


H 


:^Ha 


H 


O— C— CeHa 

N) 


Cocaine 


Cocaine is somewhat less poisonous than atropine. It is used as a local 
anesthetic and a mydriatic (to dilate the pupil of the eye). Cocaine is a 
habit-forming drug; its prolonged use leads to mental deterioration and 
insanity. 

The hydrolysis of atropine yields tropinc and tropic acid : 



OH 


Tropine 


CH2OH 



Tropic acid 


whereas cocaine by hydrolysis splits into Z-eegonine, methyl alcohol, and 
benzoic acid: 
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HjC 


H 

-c- 


H 

-C C 

\ 

H OH 


N— CHa C 


H.O- 


\ 


CHs 


OH 


H 


Ecgonine 


CH3OH 



ecgonine being a carboxy derivative of tropine. 

Various derivatives of tropine with acids have been prepared (the 
tropeines) some of which have mydriatic powers. Homatropine, a tropeine 
derived from mandelic acid (phenylglycolic acid) and tropine, is a substance 
of some value. 


H 

H2C C CH2 

” O 

/ H 

N— (Ha € o— C 0— CaHs 

I I I 

n^C C CHa OH 

H 

Hom atropine 


Cocaine Substitutes, Etc. 

Solutions of cocaine when made up for hypodermic use have the dis- 
advantage of being unstable and subject to spoilage; the toxicity of cocaine 
is also to be considered as a disadvantage. Various substitutes for cocaine 
have been offered with a view to preserving the physiological effects of 
cocaine, while avoiding the above named disadvantages. 

In several of these substitutes the general structure found in cocaine is 
retained; note the following compounds: 


Tropacocaine, from Java coca 
leaves (also synthetic) 


H 

H2C^ O 

I 


N— CH, C 


CHj O 

O C^CH 

■U — I ^ 


HjC- 


\ 


H 


€11, 


H 


Tropacocaine is less toxic than cocaine, less subject to spoilage, and a 
stronger local anesthetic. 
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CH, 

H»C— C CHs / 

C 


,o 


H,C— N 


/ \. 


\ 


OCH3 


OC— CsHs 
H,C— C CH* \q 

CH* 


a-Eucaine 


a-Eucaine is less toxic than cocaine. As it is stable to boiling, its solu- 
tions may be sterilized. Its injection is, however, rather painful and 
irritating. 


CH, 

I 

H,CC CH* 

f H 

/ 

HN 0 iS-Eucaine 

\ 

OC— CJeHs 

CHaC CH* Vv 

H ^ 


bike a-Eucaine, tliis substance is .stable to boiling. It pos.se.sses equal 
anesthetic value to cocaine, but is less toxic. 

Among other substances used for local anesthesia is: 


1 

^^0C*H5 

Holocaine 

\ y — 

\ 


N-< 

>0C2H5 


H ^ 




nvnthesis of holocaine from phenacetin and phenelidine: 

^| 0''H* j=N^ ^0C*H5 

^0C*H5 

CjHs H*0 -f H,C— C'"^ 

^NH— )>OC*Ha 

Holocaine is more toxic than cocaine. It is rapid in action and its solutions 
are stable. 

Derivatives of aminobenzoic add which are used as anesthetics are 

Anesthesin and Novocaine : 


H3C— C 


\ 


N' 

H 


<I> 
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NH2 



Anesthesin 


NH2 



C— OCH: 


H 

■CH2N(C2H6)2 

Cl 


Novocain e 
(Procaine) 


The efficacy in the anesthesin series rises with the weight of the ester 
radical, reaching a peak with the butyl compound (butesin). This is more 
than four times as effective as anesthesin. In butesin picrate we have a 
compound which combines antiseptic and anesthetic properties, much used 
in the treatment of burns. 

Novocaine is a powerful local anesthetic of wide use. It is non-irritant 
and about one-seventh as toxic as cocaine. It is not habit-forming, gives 
stable solutions. 


H 

/\-N— C— CHa— N(C*H 6 ), 


Hol^ 

V /.0 


Nirvanine 

i— OCH, 

Nirvanine resembles orlhoform in its action, but is less toxic. 


NH, 


Y/- 

L C— O— CH,— (CH,),— N— (CiH,),. 


H2SO4 


Butyn 


Butyn has been used in the eye and nose and otherwise as a local anesthetic. 
It is more eflfective than procaine, and preferable to cocaine. 


H 


iN^ 






O 


\ 


OCH, 


Orthoform 



The orthoforms have both an anesthetic and an antiseptic action. They are 
used as dusting powders on wounds. 



POBTKAITS (LANGMTJIB, BEEOIUS) 


Irving Langmuir. (American, 1881- 
.) Langmuir’s contributions to the 
theory of atomic and mohicular struc- 
ture have been of great importance in the 
recent development of organic chemistry. 
The atomic hydrogen flame, one of his 
inventions, is particularly pleasing to 
chemists, as is the argon-filled lamp. His 
work with molecular films will be valuable 
both in organic chemistry and biochem- 
istry. He received the Nobel prize in 
1932. Now’ associate director of the 
Research Laboratory of the Heneral Elec- 
tric Company. See Ind. Erig. Chem. 
(News Edition), 10, 305 (1932'i 




Friedrich Heroius. (German, 1884- 
.) Industrial chemist. Inventor of 
processes for hydrogenation of coal 
and for making sugar from wood. He 
received the Nobel prize in 1931 for 
developments in high pressure synthesis. 
See page 42. 
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Alypin and stovaine are local anesthetics with action similar to that of 
cocaine. These substances, along with eucaine, have been superseded by 
novocaine and more recent compounds, but their formulas are included to 
show the trend of synthesis in this field. 


(CH 3 ) 


H 

1 

H 

//^ 

-N- 

-C 0— C— CeHs 

CHj 0— C— CeHc 

1 

H\ / 

\ / 

Cl 

C H 

C H 


/ \ 1 

/ \ 1 


C,H5 CHr-NCCHs), 

I 

CsHs CHy-N(CH,) 


1 

Cl 

1 

Cl 


Alypin 

Stovaine 


Over two hundred alkaloids are known at the present time. Of these 
many have been so well studied that their structures are known, and some 
have been made synthetically. In addition to this many valuable sub- 
stitutes have been prepared. The difficulty of the subject, and the prac- 
tical and far-reaching benefits derived from new discoveries, make the 
study of alkaloids a fascinating field. 


REVIEW QUESTIONS 

1 . Give a working definition of the term “alkaloid.” Discuss the source of these compounds, 

and the methods which may be used to bring them into solution or to cause their 
precipitation. 

2 . Give an outline of the method.s used to establish the structure of coniine. 

3. Write equations for the synthesis of coniine. 

4. Show by equations how piperonal may be synthesized from piperine and indicate by other 

equations the similarity of this synthesis to that from safrole. 

5. What is the relationship between atropine and tropine? What are the tropeines? 

6 . Explain the synthesis of holocaine. 

7. How might new orthoform be made from p-toluidine? 

8 . What would be formed by hydrolysis of the following compounds: /5-eucaine, tropacocaine, 

homatropine, anesthesin ? 

9. What steps would you suggest to find the structure of a new natural alkaloid.^ 

10 . What similarity of structure exists between anesthesin, orthoform, and butyn.^ 

11 . What interesting researches on relationship of toxicity to molecular structure are suggested 

by inspection of the formulas of anabasine and nicotine ? 

12 . Inspect the formula of piperic acid and suggest several reactions which it indicates. 

How might the compound be made from piperonal? 

13. List by means of a chart the physiological effects of the natural and synthetic compounds 

mentioned in this chapter. 

14. Predict the reaction of tropic acid with; (a) PCI 5 ; (b) A dehydrating agent; (c) Coned. 

HI solution. 

15. Name holocaine as a derivative of acetic acid. 

16. Define the following terms: (a) Sedative; (b) Hypnotic; (c) Anesthetic; (d) Antiseptic; 

(e) Disinfectant; (f) Antipyretic; (g) Analgesic. 

17. Indicate the asymmetric carbon atoms (if any exist) in the formulas of the following 

compounds; (a) Alypin; (b) Homatropine; (c) Tropic acid; (d) Eegonine; (e) Quinine; 

(f) Nicotine; (g) Piperine. 
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CHAPTER XXXVI 


]>YES 

Although most of the groups we have so far studied are composed of 
colorless compounds, a few contain highly colored individuals whose shades 
range through all the gradations of the visible spectrum. Among these 
compounds we find the organic dyes. A dye is, to begin with, a colored 
substance, but to be practical it must adhere to cloth (leather, paper, 
cellophane, wood, etc.), and it should preserve its original appearance after 
repeated exposure to light, air, rubbing, and washing. Such a dye is termed 
“fast” in contradistinction to some which do not withstand such treatment, 
and which are accordingly called fugitive dyes. Dyes are used in inks and 
somewhat as pigments in paints. Certain selected dyes are used to color 
food products and candy. 

Practically all dyes are organic compounds; this refers not only to the 
host of synthetic substances which have appeared in recent years, but also 
to those natural dyes employed by the ancients before the dawn of the 
science of chemistry. 

However, not all colored organic compounds are capable of application as 
dyes. Certain well-defined structural relationships must exist within a 
dye molecule, and both the color of a compound and its ability to function 
as a dye are strongly affected by seemingly slight alterations of structure. 
Various structures which have dyeing properties will be presented in 
ensuing sections. Meanwhile, it will be of interest to consider the possible 
cause of color in a chemical compound. 

Cause of Color 

By passing white light through a prism, it is possible to split it into its 
components, which form what we call the spectrum of white light. If a part 
of this spectrum is blocked off and the remainder again collected by a lens, 
the resulting beam of light will be colored. 

A portion of the spectrum might be stopped if we could have a system of 
resonators, tuned to vibrate at the same rate as the waves to be absorbed. 
An analogy is found in the piano or harp, in which a number of wires are 
arranged to vibrate at different rates. If a musical chord is sounded before 
the piano, those wires whose vibration rates correspond to the tones sounded 
will vibrate and absorb energy from the original sound, which will be so 
much weaker after passing the piano wires. 

67 « 
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In the chemical compound, such a system of resonators might be found 
in the valence electrons, which are held in a state of tension between the 
atoms. If the natural vibration rate of certain electrons is that of a partic- 
ular color of the visible spectrum, that color will be absorbed and the sum 
of the other colors of the spectrum will fall upon the eye. Thus, if the 
violet and blue rays are absorbed by a compound, it will appear in the 
complementary color yellow, and if the yellow and red end of the spectrum 
is absorbed, the compound will appear blue or green. 

If the valence electrons of a compound are held with high tension, as in a 
saturated hydrocarbon, their natural vibration rate will be high and absorp- 
tion of light, if any, will be in the ultraviolet region. Such a compound will 
appear colorless. If in some way the tension on the valence electrons can 
be loosened and the natural vibration frequency reduced, light of the 
visible spectrum may be absorbed, in which case the compound will appear 
to have color. 

The valence electrons in unsaturated groups ar(^ less strongly held than 
in saturated unions. A compound containing such groups is apt to be 
colored. As the amount of unsaturation and the general complexity and 
the weight of a molecule are increased, the absorption tends to drift from the 
ultraviolet toward the red, and the color of the compound from no color 
^through yellow, orange, red, violet, blue, indigo, to green. It is not yet 
possible to apply this information in a strictly scientific way but one can 
make a ‘‘practicar’ application in many cases. The possibility of reso- 
nance in dyes will be discussed later. 

Relation of Color to Molecular Structure 

The chemist has found that color in an organic compound depends upon 
the presence of certain groups, which are usually unsaturated in their 
nature. These are termed chr omophor es. The most important are : 

C:C, C:0, C:S, C:N, N:N, NO, NO 2 . 

Particular interest attaches to the grouping :C — C:C — C: which is found in 
the quinone ring: 



The quinone (quinonoid) ring, both para and ortho, exists as a part of many 
dye structures. In a colored compound, the part of the molecule which 
contains the chromophore is called a chromogen. 

Not all of these chromophores are equally effective in producing color. 
We note that nitrobenzene is light yellow, and dinitrobenzene is no darker in 
color, while nitrosobenzene (melted) and nitrosodimethylaniline are green. 
Evidently, one NO group has greater effect than two NO 2 groups. Also, 
benzophenone is colorless, while thiobenzophenone, CeHsCSCeHs, is Hue. 
In general, the color of a compound is deepened (becomes darker) by an 
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increase of molecular weight, especially by an increase in the number of 
chromophores. Also, the color of a dye is affected not only by the groups 
in the molecule but by their spatial relationship as well.* A definite rule 
by which the exact color of a compound can be foretold by its structure has 
still to be formulated. 

Colored Compound versus Dye 

As has been said, an effective dye must be able to hold fast to cloth or 
other material. Many colored compounds are totally ineffective as dyes. 
To give dyeing properties, certain anchoring groups, known as auxo- 
chromes, must be present in the molecule. These fall naturally into two 
groups, the basic and acidic auxochromes: 


Basic 

Acidic 

NH 2 

SOsH 

NHR 

co(on) 

NR 2 

OH 


An example of the effect of an auxochrome is seen in the case of azoben- 
zene, which is a red compound but incapable of acting as a dye. It becomes 
a dye substance when NH 2 is introduced in the para position, forming 
aminoazobenzene : 

^N=N<^ ^ ymii 

Azobenzene, not a dye Aminoazobenzene, a dye 

Often, a colorless chromogeri becomes colored upon introduction of an 
auxochrome. For example benzophenone, which is colorless, becomes 
yellow when NH 2 is introduced; nitrobenzene is much lighter in color than 
nitroaniline, etc. Certain auxochromes have higher effectiveness than 
others, t For modern interpretation of the function of auxochromes, see 
Gilman, Organic Chemistry (Wiley, 1943), also Bury, Auxochromes and 
Resonance, J, Am, Chem. Soc,, 67, 2115 (1935). 

Genesis of Dyes 

For the making of dyes, certain “originar’ substances are essential; 
these include benzene, naphthalene, anthracene, phenol, cresols, etc. — coal 
tar derivatives, which by various chemical processes (nitration, sulfonation, 

* Spatial relationships are also very important in determining the odor or taste of organic 
compounds. (See footnote, page 763 and reading reference 25, page 708.) 

t The original definition of an auxochrome group referred to its ability to deepen the color 
of the compound. The basic auxochromes have this ability, but the strongly acidic auxo< 
chromes do not. 
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halogenation, alkylation, and the like) are converted into “intermediates.” 
The intermediates are such compounds as will by simple reactions form the 
dyes. 

Intermediates comprise: (1) Nitro compounds (nitrobenzene, nitroaniline, 
etc.) ; ( 2 ) Amino compounds (aniline, toluidine, naphthylamine) ; (3) 
Phthalic acids (anhydride, phthalimide) ; (4) Sulfonic acids; (5) Halogen 
compounds; (6) Phenolic compounds and aminophenols; (7) Aldehydes and 
carboxylic acids, and, (8) Derivatives having several functions within the 
molecule (mixed compounds). 

Several of the mixed derivatives of naphthalene which find application 
in the making of dyes are shown below. 


H 

O 





2 


. . ? 


SOall 


Neville and Winlher’s acid 
(231,165) 


on 



SO3H 
H H 
O O 


1 j acid 
(117,818) 


Schoelkopf’s 

acid 

(398,827)* 


Chromo- 

tropic 

acid 





HO3S 






H II 2 
O N 


^s/\ 


V/V 

SO,H 


S acid 


Schaeffer's acid 
(198,922) 


1 -Naph thy lami ne* 
3,6,8-trisulfonic 
acid, Koch’s acid 
(4,738,923)* 


2-Naphthol-6,8-di- 
sulfonic acid 
(1,370,964) 


Other compounds (l-naphthylamine-4,8-disulfonic acid, 1 -naphthylamine- 
8-sulfonic acid, etc.) are also known as S acid. 


* Figure for 1939. 
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H Hs 
O N 




HO, S' 


'W 


ISO,H 


A/\oh 




iSOall 


HO3S Nil, 


H acid 
(4,309,188) 


R acid 
(553,200) 



2 


1-Naphthylamine- 
8-sulforiic acid 
(353,836) 


Tobias acid 
(1,879,169) 


This list is in no sense exhaustive but will indicate the variety of compounds 
employed. The figures give the United States production in pounds 
for 1940. 


Classification of Dyes 


Dyes are variously classified according to several distinct points of 
view. Those dyes which have NH2, NHR, or NR2 group will form salts 
with acids, hence they are termed basic dyes, while those which possess such 
groups as SOaH, CO2H, or OH form salts with bases and are known as acid 
dyes. The classification which follows depends upon the way in which the 
dye is applied. 

(1) Direct Dyes. These adhere directly to the cloth to be dyed without 
the aid of supplementary chemicals. Wool and silk dye more easily than 
does cotton. Both of the former are protein in nature and have NH2 and 
CO2H groups in their molecules. For this reason they are salt-forming and 
can unite with a basic or acidic dye. Cotton (Rayon) has OH groups. 
These are exceedingly feeble acids, not effective in forming salts with dyes. 

Dyes built upon certain specific nuclei (for example, the benzidine mole- 
cule) are direct for cotton. These are called substantive dyes. The reason 
for this selectivity is not known. Congo red and Benzopurpurin 4B are of 
this type. Such dyes are also direct for silk and wool; they are sometimes 
called union colors. Dyes sold for home use are often of this type. In 
direct cotton dyeing, sodium chloride or sodium sulfate is added to the dye 
bath in order to decrease the solubilfty of the dye and aid in exhausting 
the bath. 

(2) Adjective or Mordant Dyes. These are unable to dye cloth directly, 
but inay do so with the aid of a mordant.* The mordants generally used 
comprise hydroxides or basic salts of aluminum, chromium, tin, or iron. 
These are able to form insoluble compounds with the dyes, and if the cloth 
is first dipped in a solution of the mordant, the insoluble dye-mordant 
compound is firmly fixed within the fiber as it forms. 

* It should be understood that the terms direct and mordant as applied here are relative. 
A dye may be direct for wool and silk but only able to dye cotton when mordanted (Malachite 
green), or may be direct for both animal and vegetable fibers, i.e., a substantive dye (Congo 
red). 
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Such substances as calcium phosphate or silica in finely divided state 
can adsorb dyes and function as mordants. Albumen similarly unites with 
dyes; the compound formed with the dye is fixed in the cloth by steaming, 
which causes coagulation of the albumen. Tannic acid is a valuable mor- 
dant for basic dyes. 

To prevent the mordant from being washed out of the cloth prematurely, 
it is fixed by precipitation with a suitable fixing agent. Tartar emetic and 
stannic chloride are examples of chemical fixing agents. A piece of cloth 
mordanted with tannic acid has insoluble antimony tannate precipitated in 
the fibers after treatment with tartar emetic. This will then combine with 
and hold the dye. When a basic mordant such as an aluminum salt is used, 
the cloth is first dipped in the salt solution, and then steamed to cause 
hydrolysis, and consequent precipitation of aluminum hydroxide on the fiber. 

Certain dyes give a variety of colors when treated with different mor- 
dants; they are called poly genetic dyes. Alizarin is an example. With an 
aluminum salt it gives a red compound, with ferric salts violet, with barium 
salts purple, etc. The colored insoluble compound formed from dye and 
mordant is called a lake. Some lakes arc used as pigments. 

(3) Ingrain Dyes. These dyes are actually formed within the cloth 
as the result of a chemical action between two substances, with which the 
'doth is successively treated. Examples are found in the field of azo dyes 

(see later sections). 

(4) Vat dyeing is somewhat similar in principle to the above. Here the 
dye to be employed is insoluble in water, but by reduction yields an alkali- 
soluble compound* with which the cloth is impregnated. Oxidation is then 
effected by exposure to air or by other means, and the insoluble dye is 
precipitated within the cloth. Indigo is applied in this manner. Its 
reduction product, indigo-white, which is alkali-soluble, is applied to the 
cloth and then oxidized to indigo. 

Chemical Classification 

The chemist finds it advantageous to classify dyes according to the 
nuclei about which they are built. This grouping is the most rational for 
one whose concern is the synthesis of dye compounds, rather than their 
practical use. In the following sections, representative compounds of the 
chief chemical groups are shown. It will not, however, be possible to show 
in each case the steps by which the formulas, which are those generally 
accepted, have been established, f Such material may be found in the 
more elaborate treatises of organic chemistry. 

* The reduced compound has enolic or phenolic hydroxyl groups; the sodium salts are 
water-soluble. 

t Neither is it possible to show examples of all of the types of dyes which are actually in 
use. Most of the examples given have homocydic ring systems, but many dye types with 
heterocyclic systems are known and used. 
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Bismark Brown, From m-phenylenediamine partially diazotized: 



NHa 

Some of the following compound is formed in this reaction, from molecules 
of the diamine in which both amino groups are diazotized: 


NH2 



Dyes a dark brown color. Used for leather, wool, mordanted cotton. 

Orange II is an important dye. It is made from diazotized sulfanilic 
acid and beta naphthol. Coupling occurs ortho to the hydroxyl group, in the 
alpha position. 

Congo Red, A polyazo dye, from benzidine disazotized* (tetrazotized), 
coupled with l-aminonaphthalene-4-sulfonic acid: 


NH 2 NH, 



SOaH SO 3 H 


Congo red 
(Dark red) f 

Congo red, like other similar dyes derived from benzidine, is a direct dye 
for cotton. It was the first of such dyes to be synthesized. Other Congo 

* We have disazo-, trisazo-, and tetrakisazo dyes, with two, three, or four — N==N — 
groups respectively. 

t Benzopurpurin 4B, an important direct dye, has a structure like that of Congo red, with 
methyl groups at (a) and (b). Over 800,000 pounds were made in this country in 1940. 
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dyes are made from benzidine, tolidine,* and similar compounds, tetrazo- 
tized and coupled witn amino and hydroxy derivatives of naphthalene- 
sulfonic acids. The dyes are various shades of red and blue. 

Direct black EW is a trisazo dye formed from H acid, aniline, benzidine, 
and m-phenylenediamine, through separate reactions of diazotization and 
coupling. The dotted lines in the formula mark off the locations of the 
beginning compounds, and the numbers show the order of the coupling. 



Para lied. This is an example of an ingrain dye. The cloth is impreg- 
nated with an alkaline solution of /3-naphthol, washed and dried, and then 
dipped into a solution of diazotized p-nitroaniline : 



Para red (Bright red) 

The reaction by which an ingrain dye is formed may be used to test for 
nitrites in water analysis. Thus, if sulfanilic acid, a-naphthylamine, and a 
small amount of acetic acid are added to water containing nitrites, nitrous 
acid is released, and diazotftsation and coupling occur, with the production 
of a , red dye. The depth of color, when compared with standards pre- 
viously prepared from known nitrite solutions, allows an estimation of the 
amount of nitrites in the sample of water. Other applications of the 
coupling reaction, similar in theory to the nitrite test, are commonly 
employed in analytical work. 



♦ToKdmeisH2N< 
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By coupling various diazotized compounds with beta naphthol, different 
colors are secured as follows : 


m-nitroaniline orange 

benzidine red-brown 

dianisidine blue 

o-anisidine red 

' a-naphthylamine claret 


The anilide of 3-hydroxy-^-naphthoic acid (Naphthol AS) is used as a 
second component for dyes and lakes as indicated for beta naphthol. A 
large number of dyes, with colors from yellow to black, are made in this way. 
Developed dyes are applied by a process which is the reverse of that just 
described. The cloth is soaked with an amino compound which is then 
diazotized upon the cloth. Contact with a suitable amine or phenol allows 
a coupling reaction to take place which yields the finished dye. 

Hansa Yellows, Diazonium compounds can couple with acetoacetic 
ester or acetoacetanilide to give stable compounds. The Hansa yellows are 
made in this way. 


O O 


HsC/ >N2C1 + CHaCCIIjCN 


NOa 


N<( \ 

H\ / 


CHa 


=0 

HCl + H,c/ N— N=N— i— H 
NO, (i==o 

«^<Z> 

Hansa yellow G 


Various derivatives of nitroapiline are employed with acetoacetanilide and 
related compounds to make these dyes. They are brilliant yellow, alkali- 
fast dyes, especially useful for printing inks. 

Stabilized Diazonium Salts, A technical difficulty in the use of azo dyes lies in the necessity 
for preparing the diazonium salt solution for each operation. This has been largely overcome 
by a variety of methods. 

(1) The amine, sodium nitrite, and coupling component are mixed in the dry state. For 
use, the material is dissolved in water and printed on the cloth. When acid is added, nitrous 
acid is produced, and diazotization and coupling occur. 

(S&) Diazonium salts of certain structures are stable when dry, especially when diluted with 
neutral salts. Examples of amines which give such salts are; 
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Cl Cl 



Many other examples could be given. 

(3) Double-salts which are stable can be formed with diazonium salts and other sails such 
as zinc chloride or stannic chloride. 

(4) Mention was made on page 481 of the stable aa/idiazotates which may be made from 
diazonium salts. Such compounds may be mixed with coupling components, and marketed 
as stable powders or pastes. Under alkaline conditions little or no coupling occurs. After 
the paste is printed on the cloth an acid treatment releases the diazonium salt, which then 
couples and forms the dye in the fiber. The an^idiazotates are called nitrosamines by practical 
chemists. 

By these methods and others the dyer is supplied with stable diazonium compounds. 

Diazo Prints. Certain diazo compounds are easily decomposed by light and are valuable 
for this reason. Paper coated with such a compound is covered with a traced drawing and 
exposed to light. The diazo compound is decomposed, except where protected by the lines of 
the drawing. Coupling with a suitable compound gives an azo dye deposit which duplicates 
the drawing. Many modifications of this basic idea are now in use. 

Azo dyes are acid, basic, mordant, and direct (cotton). The ingrain dyes (ice colors) have 
particular importance due to their fastness of color. They are known in all shades from yellow 
to black. 

The ease of preparation of azo dyes and the possibilities for variation in dye structure have 
caused intensive research in this field. Many interesting and important reactions which could 
not be included here will be found in the references given at the end of the chapter. 

Triphenylmethane Dyes. The nucleus of this group is triphenyl- 
methane. Dyes of this group were the first to be thoroughly studied and 
synthetically prepared. The initial impetus came from the work of Perkin 
(1856), who in trying to prepare quinine from the oxidation of crude aniline 
with chromic acid, secured a red-violet dye, which he named mauve. This 
was the first synthetic dye;* during the many experiments which followed 
this discovery, it was found by Verguin (1859) that mild oxidation of crude 
aniline with such agents as arsenic acid, nitrobenzene, or stannic chloride 
gave a red dye (Magenta, Fuchsin). Hofmann was later able to show that 
this dye was formed from aniline, p-toluidine, and o-toluidine, the latter being 
present as impurities in the crude aniline employed. A similar dye known 
as pararosaniline is a product of the oxidation of p-toluidine and aniline. 

* It would perhaps be better to say that this was the first synthetic dye whose formation 
led to useful developments in the dye industry. Wolfe in 1771 and Hausmann in 1788 had 
produced picric acid by nitric acid oxidation of indigo, and Runge in 1884 had made rosolic acid 
from phenol, which he noted in that same year as a component of coal tar. 
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Study of Structure. The structure of these dyes was established 
by the researches of Emil and Otto Fischer (1878) who showed that both 
arc derivatives of triphenylmethane, magenta being the methyl homo- 
log of pararosaniline. The latter may be synthesized as follows from 
triphenylmethane : 

(1) Nitration of triphenylmethane by cold concentrated nitric acid 
causes the introduction of three NO 2 groups para to the nuclear methane 
carbon atom: 


“•"Ox 

02N<(^ \ — CH Trinitrotripheiiylmethane 


O2N 




(^) By reduction, triaminotriphenylmethan(‘ is obtained: 



Triamiriotriphtmylmethane 


(8) Mild oxidation converts this componn<l to a derivative of triphenyl 
carbinol (not<* remarks on page 492). 



Triaminotriphenylearbinol 


This compound is properly called pararosaniline. It is colorless but upon 
treatment with acids, it forms salts which are colort^d, and which act as 
dyes. It is supposed that the acid attacks one NH 2 group in the usual way, 
giving a salt: 


H 
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The dye is formed by the loss of a molecule of water from this salt, and it is 
thought that a rearrangement takes place by means of which one of the 
benzene rings assumes the quinone form, thus increasing the number of 
chromophores : 



By the addition of a base, this series of changes may be reversed. 

Triphenylmethane may be formed from pararosaniline by first reducing 
it to triaminotriphenylmethane, subsequently removing the amino groups 
through diazotization, etc. 

Resonance of Triphenylmethane Dyes. We have arbitrarily assigned the quinone struc- 
ture to the upper ring in the formula next above, but the student will note that the three rings 
are equivalent and that any one of them could assume quinone structure. A situation of this 
kind produces a resonating molecule (page 398 ). The deep colors of the triphenylmethane 
dyes are presumed to be caused by this resonance. 

We may say, then, that the function of the auxochrome in a dye is to permit the possibility 
of resonance. We note in support of this idea that the compound HN=CoH4=C(C6H6)2 is 
colorless, whereas C1H2N=C6H4'^('((^6H6)(C6H6NH2), which has the same chromophore, is a 
dye (Diibner’s Violet). The latter compound has a structure which permits resonance to 
occur. Dyes belonging to other series can also be shown to have resonating structures. 


Synthesis. Pararosaniline is formed when a mixture of p-toluidine 
and two parts of aniline is oxidized with nitrobenzene. 



Pararosaniline 


The other dyes of this group are formed from triphenylcarbinol deriva- 
tives similar to pararosaniline, by the action of acids. The colorless carbinol 
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compounds are called “color bases/’ Their triphenylmethane reduction 
products, which also are colorless, are termed “leiico bases/’ 

Magenta (Fuchsin) as stated is a homolog of pararosaniline (salt) : 


CH, 

h.n/ 

-- /=\\ 

Il2N'''<f N Magenta 

Cl - / 

II2N 


Its color base is called rosaniline. The dyes of rosaniline and pararosaniline 
are red. They are still in use. 

Methyl Violets » The methylation or ethylation of the amino groups of 
pararosaniline yields violet dyes. Methyl violet is the pentamethyl deriva- 
tive. 



Methyl violet, I.auth, 1861 
(Violet) 


Crystal violet has six methyl groups. It is formed by the condensation of 
Michler’s ketone (page 472), with dimethylaniline : 


(CH3)2N<( 

( 

(CH,)2N< ( ) >^ 


^ ) >N(CIIa)i 


POCI3 


(CH3)2N<( 

C-<^ ^N(CH,)2 

(CH3)2N<(^ 

Crystal violet, 
color base 


The alkylation or arylation of the amino groups of magenta causes a 
deepening of color. The eflFect depends upon both the number and size of 
the groups, the color deepening from red of the unsubstituted dye to deep 
blue fo^ the triphenylated dye. The methyl violets give beautiful color 
effects with silk, wool, and cotton. Silk and wool dye directly, cotton is 
mordanted with tannic acid and tartar emetic. These violets are used in 
indelible inks and pencils, for stamp pads, as indicators. 
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Mcdackite green, a green dye and stain, is formed by the condensation of 
benzaldehyde and dimethylaniline (equation, page 552), with subsequent 
oxidation and salt formation: 



Malachite green 
(Blue-green) 


Malachite green dyes silk, wool, and cotton a blue-green color. Condi- 
tions of dyeing are as for methyl violets. In this dye the removal of one 
of the para dimethylamino groups is responsible for the change of color 
to green. (Note discussion of resonance, page 898.) 

Furaldehyde, a substance of constantly growing importance, is able to 
form dyes in a manner analogous to that shown for benzaldehyde. See 
Reference 10, page 707. 

Pararosolic acid and Rosolic acid, are compounds with structures identical 
with those of pararosaniline and rosaniline, the NH 2 groups of the latter 
being replaced by OH grou})s. They may, in fact, be prepared from the 
corresponding NH 2 derivatives by the diazo reaction. Ordinarily, para- 
rosolic acid is prepared from phenol, heated with oxalic acid and sulfuric 
acid, or from phenol and carbon tetrachloride. 



These compounds are not particularly useful as dyes. 

Diphenylmethane Dyes. This is a small group. Auramine O is the 
most important example. It is made by action of Michler’s ketone upon 
ammonium chloride and zinc chloride. 


(CHs)2N 

N(CHa)2 



'C 

'c/ 

or (CH,) 2 N<^ 


>=&(CHs)2 

Cl- 

-fe-H 


/ 1 N / 

NHj 

1- 

C1 


H 





Auramine O, yellow dye 
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Auramine O is used for paper, silk, and cotton. It is a most powerful anti- 
septic, ranking higher than most dyestufiPs, acting against a great many 
different organisms. 

* Nitroso and Nitro Dyes. Picric Acid (dye and explosive) has already 
been mentioned (page 509). Naphthol Yellow and Martins Yellow (page 
588) are also representatives of nitro dyes. Resorcin Green is a nitroso 
dye. Gambine Y is another example, made from /S-naphthol and nitrous 
acid. 


H 

0 

O 

//^ 


1 

II 

N 


/\ -NO 

1 

-NOIl 


Gambine Y, 

OH 

or 

II 

V/V' 

Fast 

printing 

green 

N 

NOH 


0 

Resorcin green 




Pyrazolone Dyes. The best known of this series is Tartrazine, dis- 
covered in 1884 by Ziegler. 


C— ONa 


NaO 


i=N— N- 
3B< ^ — N—C (J=0 


SOsNa 


Tartrazine 

(Yellow) 


This is employed as a dye and food color. It is made from dihydroxytar- 
taric acid and two moles of phenylhydrazine p-sulfonic acid. 

Stilbene Dyes. Among the better known derivatives of stilbene 
(diphenylcthylene) is Mikado orange: 


NaOaS SOsNa 

hc<3-n=n-<3>(-h 


HC 

NaO 




•N=N- 


SOsNa 


Mikado orange 
(Light orange) 


Mikado orange is made by reduction of dinitrostilbene disulfonic acid. 
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y ^ONa 


/\/ 



\/\ 


c=-o 



As phenol phthalein undergoes these changes with a very slight excess of 
H"*" or OH" ion, it is useful as an indicator. It is not a dye. Other uses of 
this substiince are indicated on page 535. 

If, in the reaction between phthalic anhydride and phenol, the attack 
takes place in the positions ortho to OH, we obtain Fluoran : 



V) 


Fluoran 


In the formation of this compound, a molecule of water is also lost between 
the two OH groups. Derivatives of fluoran give fluorescent solutions in 
alkali, as do many other compounds which contain an oxygen-carbon ring. 

Fluorescein, product of the reaction of phthalic anhydride and resorcinol, 
is a fluoran derivative (dihydro xyfluoran). The compound gets its name 
from the beautiful yellow-green fluorescence of its alkaline solution. Fluo- 
rescein is mixed with other dyes to impart the fluorescent effect. Note that 
mercurochromc (page 608) is a derivative of fluorescein. 



Ho/V-O— 



Fluorescein 


Eosin, the disodium salt of tetrabromofluorescein, is used as a dye for 
silk, wool, and paper, also in making red ink. It dyes a fluorescent pink. 
The compound is made from the action of bromine upon fluorescein dis- 
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solved in alcohol. By varying the nature of the halogen, and by halogena* 
tion of the phthalic anhydride ring, a number of dyes (Rose Bengale, 
Pbloxin, etc.) are made. 

Sulfonephthaleins. These compounds, which have a structure similar 
to the phthaleins, are derivatives of sulfobenzoic anhydride (page 527). 
Phenol Red and Bromphenol Blue are representative members of the group, 
used as indicators. 


H H 
O O 


o 

\/\ / 

S02 

Phenol red 

Phenolsulfonephthalein 
pH range, 6.8-8.4 
Color change, yellow-red 



T ^ 

T 

c 

c - 


o 

Bromphenol blue 

Tetrabromophenolsulfonephthalein 
pH range, 8.0-4. H 
Color change, yellow-blue 


Phenol red is used to test the renal function. It is injected intravenously; 
65—80% is excreted in one hour by a normal kidney; delayed excretion 
indicates abnormal conditions. 

Azine Dyes. In azine dyes we have the nucleus* 


N 


N 


In Oxazine and Thiazine dyes, one of the nitrogen atoms is replaced by O 
and S, respectively. 

■Saf ranine (Azine dye). 


Cl C„H4CH, 

\ / 

N 

H,N 


H,CU 






Safranine T 
(Red) 
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Mauve, Mauveine, which has been cited as the first synthetic dye, is an 
example of an azine dye. 


N 



Mauve 


MeldoWs Blue (Oxazine dye). 


ci- 

0 + 


<z 


I (Blue-violet) 

V\ /V 

/ N 


Lautk's Violet, Thioiiiiie (Thiazine dye), used as indicator and stain. 


ci- 

S+ 


N 


Lauth’s violet 
(Violet) 


Methylene Bhte (Thiazine dye). 


ci- 

S+ 


(CHs)2N,^'^ ^/^(CH.,) 


N 


Methylene blue 
(Dark blue) 


These dyes are formed by condensation reactions of amino and hydroxy 
compounds, followed by oxidation. The sulfur of the thiazines is introduced 
by the use of sodium thiosulfate or a similar salt. 

Methylene Blue is used as a dye and stain, and as a remedy for gonorrhea 
and rheumatism. 

Acridine Dyes. These are derivatives of acridine (see page 654). 
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Chrysaniline. 



\/\ 


V\ / 

N 


Chrysaniline (Yellow) 
For cotton and leather 


Anthraquinone Dyes, nucleus anthraquinone. One ot the best known 
mordant dyes of this group is alizarin, which was formerly obtained from a 
glucoside, ruberythric acid, found in madder root. It is a mordant dye, and 
is polygenetic. The structure of this dye was determined by the researches 
of Graebe and Liebermaiin (1868), who also effected its synthetic preparation. 

The following facts establish the structure of alizarin. (1) It is assumed 
to be dihydroxyanthraquinone from the formula established by analysis, 
and the fact that it yields anthracene when distilled with zinc dust. (2) 
It can be made from the condensation of phthalic anhydride and catechol; 
this shows that the two OH groups are on the same ring and in ortho position 
to each other. (3) It forms two mononitro compounds. In each of these 
the nitro group is on the same ring which holds the OH groups. If the 
hydroxyl groups were in 2-3 position, only one nitro compound could be 
formed, hence they must be in the 1-2 position. 

Alizarin is prepared by the sulfonation of anthraquinone, which produces 
anthraquinone-2-sulfonic acid: 



This compound, by fusion with sodium hydroxide and chlorate, is con- 
verted to alizarin. The additional hydroxyl could be secured by air oxida- 
tion, which occurs during alkaline fusion, but the use of the sodium chlorate 
speeds the process and prevents any reducing effect from free hydrogen. 
The formation from phthalic anhydride and pyrocatechol has been 
mentioned: 
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Alizarin 


Other ways of making alizarin are known. For instance: the condensa- 
tion of phthalic anhydride with chlorobenzene gives 2-chloro-anthraquinone; 
this is then fused with sodium hydroxide. Many other hydroxyanthraquin- 
ones are dyes. One of interest is 1,2,4-trihydroxyanthraquinone or pur- 
purin. This, like alizarin, is found in madder. It can be formed from 
alizarin by oxidation with Mn02 and sulfuric acid. Mordanted with alumi- 
num salts it gives a scarlet red color. Anthraquinone vat dyes, page 695. 

Vat Dyes. Of this group of dyes the best known member is indigo. 
In nature indigo occurs in the glucosidc indican, which was formerly obtained 
from the stalk and leaves of indigofer a tinctoria, also from the woad plant. 
The structure of the dye and its first synthesis were both worked out chiefly 
by Baeyer and his students, in a series of researches which consumed many 
years. It will be impossible for us to follow either of these in detail. 
'Briefly, the oxidation of indigo gives isatin, a substance whose structure is 
shown by its progressive reduction, which yields indole; dioxindole and 
oxindole are intermediate products. 


H 

N 


H 

N 


H 

N 


1 C==0 Redn 

1 ^ 


C=:=0 Redn 

X 

L J 


ioH 

k X 


Isatin 


-in. 


H 

Dioxindole 


Oxindole 


Redn 


H 
N 

\ 


CH 

-CH 


Indole 


Indoxyl, an isomer of oxindole, gives indigo upon oxidation; also, isatin 
chloride, 



Indoxyl 


N 



I 


Isatin chloride 
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on treatment with zinc and acetic acid yields indigo, whose structure has 
been proved in this and other ways: 



Indigo 


Synthesis of Indigo. Many syntheses are known for indigo, of which 
but two will be presented. One begins with the conversion of phthaliinide 
or of phthalamic acid to anthranilic acid by the use of sodium hypochlorite 
(Hofmann reaction). The anthranilic acid is converted to phenylglycine- 
orfAocarboxylic acid by treatment with chloroacetic acid: 


/\/ 


C— OH 


H 


V\ /, ... + 


N— IH '01 


->HC1 4- 
-CHjC— OH 


/\g-oh 




Nil 

\ 

CH 2 — O- OH 


.0 


Fusion of this compound with sodium hydroxide and sodamide yields 
indoxyl, by loss of one mole each of water and carbon dioxide ; 



»C02 + HjO + 


-C— OH 


\ / 
N 
H 


CH 


The oxidation of indoxyl gives indigo. 

A better method than the one above, and the most important of the 
indigo syntheses, involves the following steps: (1) Reaction of aniline and 
chloroacetic acid to give phenylglycine. (2) Fusion of phenylglycine with 
sodium hydroxide and sodamide to yield indoxyl. (3) Oxidation of indoxyl 
to indigo. 

Indigo is reduced to colorless indigo-white, which is soluble in alkali. 
The cloth after being soaked in this solution may be exposed to air for 
reoxidation of the indigo- white to indigo. 
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Indigo Indigo-white 


Derivatives of indigo include halogenaled compounds, and others in 
which sulfur atom has taken the place of nitrogen. Dibromoindigo is 
interesting. This is the compound responsible for the dyeing effect of the 
famous Tyrian Purple obtained from the snail Murex brandaris. Thio- 
indigo scarlet is an example of a sulfur derivative. 


H 



6,6 '-Dibromoindigo Thioindigo scarlet G 

Anthraquinone Vat Dyes. The important group of Algol dyes was 
developed in Germany to compete with another group of vat dyes, the 
indanthrenes (also of German invention but from a different company). 
Examples arc Algol Yellow R and Algol red. 


o o 



Algol yellow R Algol red 5G (Red) 

These dyes are obtained by the action of benzoyl chloride upon the 
corresponding aminoauthraquinones. They are reduced by sodium hydro- 
sulfite, hydroxyl group taking the place of the ketone oxygen, and in the 
reduced form are soluble in base. The cloth is soaked in the solution and 
exposed to air for reoxidation to the dye. 

Indatvthrene Vat Dyes. There are many examples of this type of dye, 
the formulas of which are usually somewhat complex. Indanthrene blue 
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R is made by alkali fusion of beta aminoanthraquinone; two molecules 
condense to form the dye. 


O 



Indanthrene Violet R (Violet) 


Indanthrene violet R is made from benzaii throne (two molecules) by 
alkali fusion of halogenated benzanthrone. The dotted line shows where 
union occurs. 

The vat dyes and ingrain dyes are fast, since they are quite insoluble in 
water. Their method of application, either from coupling of water-soluble 
units or from soluble leuco compounds, allows the use of large molecules. 
A direct dye must be water-soluble; if the molecule is large, solubilizing 
groups (salt-forming) will be needed, and the same water-solubility which 
aided in the initial dyeing will make it possible for the cloth to lose its color. 
Vat dyes have another advantage in that their application is not so complex 
as that of mordant or ingrain dyes. 

Sulfur Dyes. The original dyes of this series were made by heating 
cellulose waste (sawdust, etc.) with sodium sulfide. They are now made 
frotn sodium sulfide or poly sulfide or sulfur and various amines and phenols. 
The dyes are insoluble and are applied like vat dyes; that is the dye is dis- 
solved with the aid of sodium sulfide or sodium hydrosulfite (hyposulfite), 
which causes reduction. After the cloth is soaked with the solution it is 
exposed to air. These dyes are fast to light and washing, and have the 
added virtue that they are cheap. They form an important group. Colors 
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are dark (black, blue, brown, green). No formulas are offered since in most 
cases they are unknown. Sulfur black, made from 2,4-dinitrophenol, is the 
chief member of the group. 

Primuline is a mixture of several dyes made by first heating p-toluidine 
and sulfur, then sulfonating the resulting compounds. The dyes have free 
amino group; in practice primuline is diazotized and coupled with various 
phenols, etc., to form ingrain dyes. 

Phthalocyanine Dyes. These dyes have a complex chromophore similar 
in structure to the framework of clilorophyll and hcmin (page 704). Copper 
phthalocyanine is made by treatment of o-phthalonitrile with cuprous 
chloride or copper. Other metals may be used in a similar way. 



The compounds of this series are green or blue; they are very stable to heat, 
also to acids and bases. They are widely used as pigments in printing inks, 
paints and lacquers, also somewhat as dyes. Metal-free phthalocyanines 
are easily made; halogenated and sulfonated phthalocyanines have been 
prepared. The latter give water-soluble salts suitable for dyeing. 


Theories of Dyeing 

Several theories bearing on the mechanism of dyeing action have been 
proposed, no one of which has had a complete ascendency. Among these 
are: (1) Colloidal theory. This states that the dye and the cloth are col- 
loids, oppositely charged, and that they mutually precipitate each other. 
(2) Solution theory. According to this theory the dye is presumed to be 
held in the cloth in solid solution. (3) Chemical theory. This theory 
assumes simply that the dye and the cloth form a chemical compound by 
the interaction of specific groups. (4) Mechanical theory. The mechanical 
theory assumes that in dyeing, the dye is mechanically held (adsorbed) in 
the fiber pores of the cloth. There is, of course, no set reason why one 
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explanation must fit all types of dyeing, nor is it impossible that in a given 
case two or more of these theories should apply. Thus dyeing might 
involve two steps, first an adsorption, and second the formation of a com- 
pound between fiber and dye. 

Indicators 

The addition of acid to methyl orange or pararosaniline, which have 
basic groups, was seen to have the effect of deepening the color of the 
compound during salt formation, because of a shift or rearrangement of 
the molecule; a similar effect was indicated for the addition of a base to 
phenolphthalein, a potentially acidic compound. 

This change of color may be used as an indication of the change from 
alkaline to acid solution in a titration, provided that the colored compound 
is sensitive enough to undergo the rearrangement quickly in the presence 
of a very slight excess of or OH“ ion. Compounds so used are called 
indicators. Phenolphthalein, methyl orange, congo red, alizarin, various 
sulfonephthaleins, and other compounds are used in this way. The color 
changes of these and other indicators occur within certain narrow ranges of 
H+ ion concentration, both above and below pH 7. 

Indicators are now available for the entire /)H range, and their use has 
greatly aided the chemist in many practical problems. 

Uses of Dyes 

Besides their primary function as color bearers, many dyes also find other 
uses. Those which possess iiitro groups may function as explosives (picric 
acid is an example). Some are used as antiseptics (picric acid, brilliant 


Table 45. — II.S. Production of (Crudes, Intermediates, and Dyes* 



1 936 produc- 
tion in thou- 
sands of gals, 
or lbs. 

1940 produc- 
tion 

Coal tar, gallons j 

560,386 

673,287 

Benzene, gallons I 

19,413 

36,556 

Toluene, gallons j 

19,807 

30,440 

Xylene, gallons | 

4,216 

5,646 

Naphthalene, pounds I 

89,536 

159,637 

Intermediates, pounds | 

509.706 

1 805,807 

Dyes, pounds 1 

.1 - ! 

119,523 

127,834 


* Compiled from reports of the II.S. Tariff Commission. 


green*) and as drugs (phenolphthalein, methylene blue). Their use as 
indicators has been mentioned, also the use of dye lakes as pigments in 

* Brilliant green is related to malachite green, having ethyl groups instead of methyl, and 
salt formation with sulfuric acid. 
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Gubtav Egloff. (American, 1S86- 
.) Egloff’s work has been chiefly 
concerned with petroleum: its origin, 
its refining, and its possible chemical 
transformations. He holds many patents 
on petroleum processing and has written 
hundreds of papers on petroleum tech- 
nology. He is author or co-author of: 
Earth Oil^ The Rcaetions of Pure Hydro- 
carbons, The Physical (.■on slants of Hydro- 
carbons, Catalysis, Emulsions and Foams. 
Egloff is now director of research of the 
Universal Oil Products (Company. 




Frank C. Whitmore. (American, 1887- 
1947.) Author of the American Chemical 
Society monograph on mercury compounds 
and of the well known advanced organic 
chemistry text. Work with aliphatic com- 
pounds, rearrangements, mercury com- 
pounds, Grignard reagents, neopentyl 
compounds, polymerization. Formerly dean 
of the School of Chemistry and Physics in 
the Pennsylvania State College. 
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paints, printing inks, and lacquers. Dyes of the cyanine series, derivatives 
of quinaldine ( 2 -niethyIquinoline) are iLsed as sensitizers in photography. 
Their function is to increase the sensitivity of the photographic film to cer- 
tain wave lengths of light, particularly in the red and infrared regions of the 
spectrum. 

In the field of bacteriology and histology, dyes are useful for “staining.’’ 
Dyes used in this work show a selective action towards tissue, staining some 
types of cells and not others. With bacteria, similar effects are observed. 
The stained tissues and germ cultures arc much more easily differentiated 
under the microscope than they would be if uncolored. 

This specific action of dyes toward certain organisms is said to have led 
to the search for compounds of arsenic similar in structure to the aniline 
dyes, which it was hoped would be equally specific in their action, and by 
the aid of which definite organisms could be attacked in the body without 
affecting the cells of the host. 

f - Saivarsan (page 603) is a drug of this type. Its structure strongly 
suggests that of an azo dye (note the presence of “chroinophore” and 
f auxochrome ’ ’ groups) . 

Two disazo dyes, derived from benzidine in the same manner as is Congo 
red, are Trypan blue and Trypan red. They have strong trypanocidal 
action. Two acridine derivatives recently used as antiseptics are Pro- 
flavine and Acriflavine: 


H SO4H 
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c 

H 

Proflavine 


CH 3 Cl 

\ / 

N /H 

Ij \ci 

V\ 

C 

H 

Acriflavine 


Natural Dyes 

A number of dye groups have been omitted in the preceding discussion, 
but enough have been included to illustrate the wide scope of this branch of 
organic chemistry. In addition to the synthetic dyes we must also consider 
those of natural origin. 

These are obtained from the bark and wood, roots and leaves of various 
plants and trees. Though by no means so satisfactory as synthetic dyes, 
various natural dyes still find application. Most of these are mordant dyes, 
and are found in the plants as glycosides. A number of the yellow dyes are 
derivatives of the flavone nucleus (page 737). Of those natural dyes now in 
use a partial list is given below. 
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Turmeric; obtained from the rhizome of Curcuma longa (China, East 
India, etc.): 



Turmeric 

(Yellow) 


Turmeric is used in medicine and in analytical work (turmeric paper). 
It is suitable for dyeing butter, food preparations, for coloring varnish, 
wallpaper, etc. 

Brazil Wood, The dyestuff from this source is brasilin (Brazilin) : 


(x) 

no/N— o— C112 
H 1 

-C— COH 




CH2 



OH OH 


Brasilin 

Used as dye and indicator. 

Hematoxylin has an additional 
OH group at (x). 


Logwood. This contains the coloring matter hematoxylin, similar in 
structure to brasilin, used for dyeing cloth and leather. Brasilin and 
hematoxylin are oxidized to produce brasilein and hematein respectively; 
the structures of these dyes are not given here. Alizarin and indigo, now 
made synthetically, were previously obtained from natural sources, alizarin 
from madder root, indigo from the indigo plant, as already stated. 

Flower Pigments 

The pigments of plants, flowers, fruits, are glycosides or glycoside 
derivatives. Those of yellow hue are derived from flavone or xanthone. 
Those which are red, violet, or blue are for the most part derived from 
anthocyanin (page 737). 

Among flavone derivatives we find quercetin, a constituent of oak bark, 
tea, onion skin, horse chestnut blossoms. Extract of oak bark is used as a 
mordant in dyeing leather, also in tanning. Morin is found with a poly- 
phenolic compound, Macliu'in, in the wood of chlorophora tincioria (Fustic). 
Both are mordant dyes, giving yellow or olive shades. Fustic wood is used 
in leather tanning. 
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Quercetin Morin 


The derivatives of aiiihocyaii nucleus arc called aiithocyaiiiiis. The 
hydrolysis of these glycosides yields glucose or another sugar, and aiitho- 
cyanidins, which are colored. 

Tabi.e 4(). — U.S. Production of Intermediates, lOSH and 1940* 
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Pelargonidin chloridey from flowers of pelargonium species, has a some- 
what simpler structure. Delphinidin chloride (pansy, larkspur) has six 
hydroxyl groups, four as in pelargonidin chloride and two more, each ortho 
to the lone hydroxyl on the phenyl ring. 

When the three compounds mentioned are heated with alkali, all give 
phloroglucinol; in addition we get p-hydroxybeiizoic acid from pelargonidin, 


Table 47. — U S. Production of Certain Dyes, 1986 and 1940* 



Pounds, 193(i 

Pounds, 1940 

ingle Dyes 

Butter yellow 

25,260 


Bismarc’k brown 

103,623 

89,466 

Tartrazine 

Methyl violet and base 

Eosin 

788,613 

927,152 

45,660 

573,785 

1,321,677 

52,143 

Indigo, synthetic 

Sulfur blaelc 

18,089,419 

14,585,5.59 

11,133,161 

14,633,496 

ChrysniHine Y 

420,740 

Sulfur blue 

1,953,753 

2,469,214 

Sulfur brown i 

Orfl.nge IT 

2,388,582 

1,806,099 

1,743,658 

Direct black E W 

8,174,156 

8,482,298 

By Classes 

Azo dyes 

37,598,624 

55,701,277 

Pyrazolone 

1,425,242 

1,218,593 

Triphenylmethane and related 

3,685,239 

714,569t 

4,663,540 

Xanthene 

Azine . 

2,925,250 


Sulfides and Thiazines 

20,717,289 

21,560,675 

Anthraquinone 

1,864,047 

3,421,174 

AntbrRniiinouf* vat 

4,894, 117t 
408,750 

Food dyes 


Total classified dyes 

104,068,929 

104,539,151 

Total unclassified dyes 

15,454,217 

23,294,429 

* Compiled from Government publications, f 193.5. 


protocatechuic acid from cyanidin, and gallic acid from delphinidin. Inspec- 
tion of the formulas will provide a ready explanation for these results.’*' 
It is interesting to note that the variety of colors observed in flowers can be 
obtained by small changes in a basic formula, and variation in pH. 

Chlorophyll 

The green coloring matter of plants is usually associated with carotene 
and xanthophyll, which are carotenoids. Chlorophyll, after extraction, is a 

* In addition to the free hydroxyl compounds shown here we have their mono- and poly- 
methyl ethers, several of which have been found in nature. The opportunity for isomerism 
afforded in these ethers explains in part the different colors of the compounds. Practically all 
of the anthocyanidins are to be considered as derivatives of the basic formula represented 
above. 
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blue- or green-black powder. It has been studied for nearly one hundred 
years and the accumulated chemical facts would fill a large volume. 



The proposed 
(1936) for- 
mula for 
chlorophyll h 
is like that of 
a but with 
— CHO at 
carbon 3 in- 
stead of CHa 


Chlorophyll a (Fischer, 1937). A slightly different formula was proposed in 1939 (see 
Ckem, AhstracU, 1939, 3387). 



Two different compounds, chlorophyll a and 6, have been isolated from 
it by partition between petroleum ether and methyl alcohol. The analysis 

* Ph here stands for the phytyl radical. Phytyl alcohol (phytol) which is esterified at this 
point in the molecule, is: 

CHa CH» CHa ; 

(CH,)j^(CH2)r-i— (CH2)r-i— (CH0»— i==C--CHjOH. 

H H H 

It will be seen that this formula embodies four isoprene units. 
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of chlorophyll a gives the formula: (C32H3oON4Mg)(COOCH3)(CC)OC2oH39) 
+ 3 ^H 20 , while b has the formula (C32H2802N4Mg)(COOCH3)(COOC2oH39). 

There is great similarity between chlorophyll and hemin, constituent of 
hemoglobin of the blood. Each has a unit of four pyrrole rings and each 
has an essential metallic atom, magnesium for chlorophyll, and iron for 
hemoglobin. This will be noted in the formulas for chlorophyll a and 
hemin as shown on p. 704. 

Chemical treatment of hemin or of chlorophyll which removes the 
metallic atom, produces from each the compound aetioporphyrin. This 
compound preserves the four pyrrole units, grouped as in hemin. Chloro- 
phyll is used to color foods, leather, perfumes, soaps, cosmetics. 

Table 48. — Natlual Dyes, IJ.S. Production 1925* 

Logwood 

Fustic 

Quercitron 

Brazil wood 

Cutch 

Total 

* Compiled from Government publications. 

IIisTORicJAL Data 

•1771 Picric acid from indigo and HNO 3 , Wolfe. 

1820 Naphthalene in coal tar, Gardner. 

1832 Anthracene in coal tar, Dumas. 

1834 Phenol in coal tar, Mitscherlich. 

Aniline in coal tar, Runge. 

Rosolic acid, Runge. 

Discovery of nitrobenzene, Mitscherlich. 

Aniline with bleaching powder gives blue, Runge. 

1842 Aniline by reduction of nitrobenzene, Zinin. 

1845 Benzene in coal tar, Hofmann. 

1848 Toluene in coal tar, Mansfield. 

1856 Mauveine, Perkin. 

Magenta, from aniline and ethylene chloride, Natanson. 

1858 Magenta, from aniline and carbon tetrachloride, Hofmann. 

Diazo reaction, Griess. 

1859 Safranine T. 

Magenta from aniline and SnCL, Verguin. 

1860 Aniline blue, also Magenta by oxidation of aniline with arsenic acid, Girard and deLaire* 

1861 Methyl violet, Lauth. 

Phosphine, Nicholson. 

1862 Sulfonation reaction, Nicholson. 

1863 Violets, Hofmann. 

Indulines, Dale and Caro. 

Bismarck brown, Martins. 

1865 Benzene structure, Kekul4. 

1867 Martins yellow, Martins and Caro. 

1868 Alizarin, Graebe and Liebermann. 


Pounds 

13.697.000 

3.601.000 

4.174.000 

425.000 

853.000 

24.627.000 
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1874 Eosin, Baeyer (Caro). 

1875 Erythrosine. 

Chrysoidine, Caro. 

1876 Orange II, Poirrier. 

Witt chroinophore theory. 

1878 Malachite green. 

1879 Naphthol yellow S, Caro. 

1880 Para red, Holliday (^o. 

Indigo, Baeyer. 

1883 Auraminc, (^aro and Kern. 

(Crystal violet, C"aro and Kern. 

1884 Congo red, Bottiger. 

Tartrazine. 

1887 Primuline, Green. Ingrain <lyes. Green. 

Rhodamine B. 

1888 Use of H 2 SO 4 in making alizarin, Bohn. 

Oxazines, Rosindulines, Fischer and Hepp. 

1893 Vidal black, (Sulfur dye). 

1897 Synthetic indigo, Badische Co. 

1899 Use of formaldehyde; Pyronines, Acridines, Hochst Co. 

1901 Indanthrene blue, Bohn. 

1906 Thioindigo red, Friedlander. 

1912 Naphthol AS red. 

See also the historical table in the Appendix, p. 800. 

REVIEW QUESTIONS 

1. Give a working definition of the term “dye compound.” * 

2. Define: (a) Fugitive dye; (b) Lake; (c) Polygenetic dye; (d) Mordant; (e) Indicator. 

3. Upon what structural arrangement does the color of an organic compound depend? What 

is an auxochrome? 

4. Show by equations the synthesis of an azo compound from aniline and phenol. Name the 

compound. 

5. Write equations for the synthesis of methyl orange. What is an explanation of the indi- 

cator action of this compound? 

6. What is meant by the terms leuco base, and color base? Illustrate by the use of deriv- 

atives of triphenylmethane. 

7. Give equations for the synthesis of pararosaniline. How is the action of acids, etc., 

(formation of a dye) explained? 

8. Give equations for the formation of phenolphthalein. Show and discuss its reaction with 

NaOH solution. 

9. Write equations for the synthesis of: (a) Indigo; (b) Direct black EW; (c) Hansa yellow G; 

(d) Crystal violet; (e) Fluoran; (f) Alizarin. 

1 0. ’ What groupings cause color in an organic compound ? Are colored compounds of necessity 

dyes? Why? 

11. What is a direct dye? Give example. Also give example of a mordant dye. 

12. Give synthesis of one member of each of the following dye groups: (a) Triphenylmethane; 

(b) Azo; (c) Nitro; (d) Phthalein. 

13. Show by a series of equations the synthesis of tartrazine. 

14. Suggest methods for making phenol red and bromphenol blue. * 

15. Enumerate various points of difference between a dye structure like that of indanthrene 

violet R and one like congo red. 

16. Observe the arrangemeot of double and single bonds in chlorophyll a. Do you note any 

peculiarity? 
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17. After a survey of the dye formulas of this chapter, which chroinophores seem most impor- 

tant to you? 

18. What facts can you cite which support the chemical theory of dyeing? 

19. Write equations for the synthesis of orange II. 

20 . Name compounds used in medicine which are dyes or are derived from dyes. CJive uses 

for each. 

21 . Cite a number of reasons why aliphatic compounds cannot compete with aromatics for the 

production of dyes. 

22 . Show the synthesis of rhodamine B, starling with naphthalene and benzene. 

23. Can you account in any way for the large increase in production of phthalic anhydride and 

phenol (shown by the table, page 702) ? 

24. Phthalimide and isatin are isomeric compounds. Refer to a handbook or to museum 

samples to learn the color of each and discuss your findings. 

25. With the aid of a handbook make a chart listing the compounds mentioned in this chapter 

which are used as indicators. For each compound show name, graphic formula, 
range of />H governing the change of color, also the colors shown by each compound in 
its various forms. 

26. What factors cau.se ingrain and vat dyes to show greater fastness than direct dyes? 

27. What compounds would be formed upon the vigorous reduction of: (a) Chrysoidine; (b) 

Para red; (c) Orange 11? 

28. An organic dye (A) has the formula C 12 II 11 N 3 . Strong reduction gives two compounds, 

(B) and ((y). (B) is aniline. (C’) is capable of diazotization; its oxidation yields qui- 

none. Its formula is C 6 HrN 2 . With these facts attempt to prove the structure of (A). 

29. A colored organic compound (A) contains 73.93% C\ 6.16% II, and 19.90% N. Its 

reduction with tin and hydrochloric acid gives compounds (B) and (C)* (B) gives an 

alkali-soluble compound by reaction with benzenesulfonyl chloride. (B) was diazotized 
and the resulting solution then treated with cuprous bromide and hydrobromic acid. 
The new compound (,D) produced in this reaction had a melting point of 28.5®C. It 
contained 49.12% C, 4.10% H, and 46.8% Br. (C) contains 66.65% C, 7.41% H, and 
25.93 % N. It is capable of diazotization. If it were diazotized with one equivalent of 
nitrous acid and the solution then heated, the compound (,E) of m.p., 184°C. would be 
formed. (E) may be produced by heating ^-phenylhydroxylamine with acid. What 
is the structure of (A) and of the compounds (B) and (C) ? 
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CHAPTER XXXVII 


PROTEINS 


Like the fats and carbohydrates, proteins are substances synthesized by 
living cells. They form an essential part of the diet and constitute the 
chief part of the solid matter of animal tissues. It would be difficult to give 
a hard and fast definition of the term protein in chemical language since, 
due to the instability and non-crystalline nature of these substances, they 
have so far eluded the chemist’s attempts at their isolation as individual 
compounds with fixed characteristics. In such a situation there is also 
some uncertainty as to their chemical constitution. The utmost we can 
attempt here is to briefly summarize what is now known about these 
compounds. 

Proteins contain carbon, hydrogen, oxygen, nitrogen, sulfur, phosphorus, 
sometimes iron and other elements. The proportions of these elements 
vary in the several types of proteins, but average values generally fall within 
the limits shown here: 


Carbon 

Hydrogen . . 

Oxygen 

Nitrogen . . . 

Sulfur 

Phosphorus 


50 - 55 % 
6 . 5 - 7. 3 
20-24 
15-18 
0 . 4 - 2. 5 
0 . 1 - 1.0 


Since the percentage of nitrogen in proteins is observed to lie very close 
to 16%, analysts have made use of this in estimating the amount of protein 
in a given sample. The amount of nitrogen is found by Kjeldahl analysis 
and multiplied by the factor 6.25 (this is 100/16), to give the percentage of 
protein in animal and plant substances. 

Considering that proteins are derived from substances of widely different 
physical properties, such as skin, hair, muscles, horn, silk, egg-white, etc., 
the narrow range of percentage composition as shown above is remarkable. 

The molecular weights of proteins have been determined in several 
different ways which give fairly concordant results. The following chemical 
method has been used to estimate the molecular weight of certain proteins 
which contain small amounts of one elem mi. Hemoglobin for instance 
contains a very small percentage of iron (0.335%). Now if we assume that 
the molecule of hemoglobin has one atom of iron (it could not well have 
less), calculation from the percentage composition of this element leads to a 
molecular weight value of 16,669 for hemoglobin. If we calculate from the 
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percentage of sulfur in hemoglobin (0.390%) we obtain the figure 16,446. 
The osmotic pressure method gave a value of 34,000 for the molecular weight 
of egg albumin, 69,000 for serum albumin. Such calculations make it 
evident that the proteins are larger molecules than any we have so far 
studied. There is no doubt that they are more complex in their structural 
• make-up than any other class of compounds. 

Still higher figures for mok^cular weights are obtained by the use of the 
ultracentrifuge (Svedberg), A protein solution is centrifugetl at high 
speed, and the molecular weight of the particles determined by the velocity 
of sedimentation observed. The weights obtained by this method appear 
to be multiples of 35,100, which is about twice the value obtained (for some 
proteins) by the chemical method. Some of Svedberg’s values are: 


Egg albumin. . 
Serum albumin 
Lacta Ibumin . . . 

Hemoglobin 

Ilcmocyanin. . . 


43,800 

07,500 

17,300 

70,200 

842,000 


The fact that the molecular weight figures are divisible by 35,100 may be 
accidental, or may be an indication that a repeating unit of this size exists 
in native proteins (see page 730). It is fairly evident that the original 
assumption (one Fe atom in hemoglobin) is incorrect. 


Protein Characteristics 

The majority of proteins are amorphous colorless compounds, which do 
not have definite melting points or definite boiling points. They arc 
insoluble in organic liquids. Those which dissolve in water give colloidal 
solutions. Proteins are precipitated or “salted ouC’ from their solutions 
by the addition of inorganic salts (Na 2 S 04 , NaCl). A number of other sub- 
stances, including heavy metal salts, phosphotungstic acid, tannic acid, 
and other of the “alkaloidal reagents” (page 658) induce precipitation. 
Certain of the color and precipitation reactions used to test for proteins are 
listed at a later point in the chapter. 

Denaturation of proteins refers to a lessened water solubility caused by 
the action of heat, high pressure, alcohol, alkali, acid, and certain other 
reagents. A denatured protein is insoluble in water at its isoelectric point. 
It may be dissolved by the addition of acid or base, and in some cases the 
denaturation may be reversed. Apparently denaturation involves chemical 
changes in the protein molecule. Theories regarding these changes will be 
found in advanced texts. Following denaturation the protein precipitates; 
the total eflPect, denaturation and precipitation, is known as coagulation. 


Classification of Proteins 

As the usual criteria for identification of an organic compound such as 
melting point, boiling point, molecular weight, crystal form, cannot be 
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Thomas Midgley, Jr. (American, 1889- 
1944.) Midgley is known for his studies 
of the knocking characteristics of various 
types of fuels and for the development of 
chemical antiknock agents. We owe the 
use of tetraethyllead to his re.search, as 
well as the technology of its manufacture. 
He has had a prominent part in work 
dealing with the chemistry of rubber. 
Midgley developed the organic chloro- 
fluoride compounds, wid'ely u.scd as 
non-inflammable, non-toxic refrigerants. 
See Ind. Eng. Chem.t 31, 504 (1939); 36, 
1073 (1944); also News Edition, 19, 1021 
(1941) 




Roger Adams. (American, 1889- .) 

Work with chaulmoogric acid, stereo- 
chemistry of biphenyl compounds, deu- 
terium compounds, anesthetics (butyn, 
butesin), dyes, catalytic hydrogenation, 
gossypol, alkaloid.s. (^o-author of the 
well known laboratory text for organic 
chemistry, and editor of Organic Reactions, 
Now head of the Chemistry Department 
in the University of Illinois. 
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applied in the case of the proteins, the basis for their classification rests 
mainly upon their “ solubility ’’ in various media. This is a purely empirical 
classification but nevertheless useful. It is not claimed that the materials 
obtained by the use of the reagents listed here are single molecular species. 
The following table, which is that adopted by the American Society of 
Biological Chemists, shows the manner in which proteins are grouped and 
classified, and has been amplified to give the source X)f the more common 
proteins. 

Simple Proteins. These when broken down into simpler units yield 
only alpha amino acids or their derivatives. We have the following 
sub-groups : 

A. Albumins. Coagulated by heat, soluble in water and in dilute salt 
solutions. Egg albumin^ serum albumin of blood, lactalbumin of milk. 

B. Globulins. Found in seeds and in animal blood. Coagulated by 
heat, insoluble in water, soluble in dilute neutral solutions of the salts of 
strong acids and bases (NaCl, MgS 04 ). Serum globulin of blood, edestin in 
hemp seed. 

C. Glutelins. Found in seeds. Insoluble in water or dilute salt solu- 
tions. Soluble in dilute acid or alkali. Glutenin in wheat. 

D. Prolamines. Found in cereal grains. Insoluble in water, soluble in 
80 % alcohol. Gliadin from wheat. Hordein from barley, zein from corn. 

E. Albuminoids. Found in connective tissue, hair, wool, horn, nails, 
etc. Insoluble in water, salt solutions, dilute acid, or alkali. Elastin in 
ligaments, arterial walls. Keratin in hair. Collagen in connective tissue. 

F. Histones. Not coagulated by heat, soluble in water, or in dilute 
acid; they arc basic and insoluble in dilute ammonium hydroxide. Their 
hydrolysis gives a number of amino acids, especially diamino acids. Histone 
from thymus gland. 

G. Protamines. Not coagulated by heat, soluble in ammonium hydrox- 
ide and in water. They are basic and form stable salts with strong acids. 
Decomposition gives notable amounts of diamino acids. Sturine in sturgeon 
sperm, Salmine in salmon sperm. 

Conjugated Proteins. The decomposition of these compounds shows 
them to be made up of simple proteins and other groups, non-protein in 
character. 

A. Chromoproteins {Hemoglobins). The simple protein in these com- 
pounds is united with a colored group. Hemoglobin of red blood corpuscles. 

B. Glycoproteins. As suggested by the name the additional group is 
carbohydrate in nature. Mucin in saliva. 

C. Phosphoproteins. Found in milk and egg-yolk. Phosphorus fohns 
a part of the molecule. Casein, milk. ViteUin, egg-yolk. 

D. Nucleoproieins. Nucleic acid is the additional group. Nuclein. 

E. Lecithoproteins. Additional group is lecithin. 

F. Lipoproteins. Additional group is one of the higher fatty acids. 



PBOTEINS 


713 


Derived Proteins. This group contains those substances produced from 
natural proteins by the action of reagents, and also proteins of synthetic 
origin. 

A, Primary Protein Derivatives, 

(a) Proteans. Insoluble in water. The first products resulting from 
action of acids, enzymes, or water. Edestan from edestin. 

(b) Metaproteins. These result from the prolonged action of hydrolytic 
agents upon proteins. They are soluble in weak acid or alkali, but are 
insoluble in neutral solutions. AcM albuminate (Acid metaprotein). 
Alkali albuminate (Alkali metaprotein). 

(c) Coagulated proteins. Insoluble products resulting from the action 
of heat or strong alcohol upon proteins. 

B. Secondary Protein Derivatives, 

(a) Proteoses. These are soluble in water and may not be coagulated 
by heat. They are precipitated from water solutions by saturation with 
ammonium sulfate. 

(b) Peptones. These products are soluble in water, but are not coagu- 
lated by heat nor precipitated by saturation with ammonium sulfate. They 
giv^^ the biuret reaction (page 723). 

(c) Peptides. These substances are of such simplicity that their struc- 
tures may be determined. They are made up (as will be later described) of 
several molecules of amino acid, and have somewhat the structure of 
amides. 


Chemistry of Proteins 

Proteins show considerable differences in their chemical action; most 
proteins, however, exhibit the character of amphoteric compounds, forming 
salts with either bases or acids. This point will be referred to later. The 
most characteristic reaction of the proteins is their hydrolysis, which may 
be accomplished by the use of acid or alkaline solutions, or by means of 
enzymes. 

As hydrolysis proceeds there is evidence that the original molecules are 
being broken down into simpler substances (proteoses). Thus salts which 
precipitate the original protein may fail to cause a precipitate after a short 
period of hydrolysis, or a protein which could be coagulated by heat might 
lose this property. Further hydrolysis yields still more simple substances 
(peptones). The complete hydrolysis of a simple protein gives a mixture of 
amino acids. Of these twenty-three have been definitely certified. They 
are c^-amino acids of a number of different chemical types. The relative 
amounts of the different amino acids vary widely in the different proteins, 
and no protein is known which yields but one amino acid upon hydrolysis. 

Certain proteins are entirely lacking in several of the amino acids; others 
contain very high percentages of a few acids. The table, p. 714, which is 
obtained from a number of sources, is instructive in this connection. The 
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analysis of a protein does not always give a 100% yield of products, due 
to the difficulties inherent in the work; for the same reason the results 
obtained by different investigators are not expected to check with exactness. 


Glycine 

Alanine 

Valine 

Leucine 

Aspartic acicl 

Glutamic acid 

Serine 

Hydroxyglutamic acid 

Phenylalanine 

Tyrosine 

Tryptophan 

(Cystine 

Methionine 

Lysine 

Arginine 

Histidine 

Proline 

Hydroxyproline 

Ammonia 

Total 


Table 49. — Amino Acids of Proteins 
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3.6 

82.9 

96.7 

105.31 

83.9 

1J0.5 

89.4 

59.72 
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Properties of Protein Amino Acids 

These are colorless crystalline compounds, water-soluble (except cystine 
and tyrosine). They are in general soluble in dilute alcohol, not in absolute 
alcohol or in ether or common organic solvents. The amino acids have no 
true melting points but decompose when heated to 200-350°C. These 
properties resemble those of inorganic salts (see later discussion, page 715). 

The amino acids are acid, neutral, or basic in reaction, as they possess 
respectively an overplus of carboxyl groups, an equality of carboxyl and 
amino groups, or an overplus of amino groups. All are optically active 
save glycine, for which activity is impossible. Either the rf- or the Z-form 
of a given acid is found in proteins, but not both. A number of the acids, for 
example, glycine, alanine, serine, norleucine, are sweet in taste. 

Zwitterions. The amino acids are amphoteric, i.e., can act either as 
acids by virtue of the carboxyl group or as bases by virtue of the amino 
group. In solution the molecules may have both positive and negative 
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charges, due to the chemical behavior of these opposed groups. This 
type of ion is known as a zwitterion. At some definite pH the acid and 
basic ionization would be of equal extent. This is known as the “isoelectric 
point.” Taking glycine for an example we can show the reaction of the 
zwitterion with acid and base as follows: 

Cl- /« 

+H,N~-CUr-C— + HCI -» H,N— CTIr-C— OH 

Glycine \ 

zwitterion + NaOH H 2 O + HgN— CTI 2 — C- O Na 

- + 

The individual molecules of a solid amino acid must be supposed to exist as 
an internal salt or zwitterion (see page 245). '^I'his formulation explains the 
anomalous points already mentioned (high melting point, insolubility in 
organic solvents), which are properties of salts and not of organic acids. 
The same type of structure was proposed for sulfanilic acid (page 469) which 
lias similar properties. 


Chemistry of Amino Acids 

. (1) The amino group reacts in the expecteil way with acid chlorides, 

anhydrides (see pages 189, 198, 274, 810). 

(2) Nitrous acid reacts with amino group to give nitrogen and hydroxyl 
group. A measurement of the evolved nitrogen is used to estimate amino 
group (Van Slyke lest). 

(8) Formaldehyde reacts by condensation : 

RNH 2 + IICIIO II 2 O + RN==CH 2 

The free amino groups are in this way removed from competition and the 
carboxyl groups may be estini«tcd by titration (the “formol” titration).* 
(4) The carboxyl group forms salts in the usual way, and esters. The 
formation of acid chlorides, and other reactions of amino acids will be given 
at the appropriate places. 

Amino Acids of Proteins 

The list below shows most of the amino acids which have been identified, f 
The italic letters give the actual optical rotations of the natural amino acids. 
All of the acids have the same spatial configuration at the a/p/m carbon atom 
and belong to the leva series (see page 886), 

’•'This is a simplified version; actually the reaction is more complex. The symbol R 
represents aU of the amino acid save the NH2 group. 

t The figures in parentheses give the dates when the amino acids were first isolated from 
proteins, when first synthesized in the laboratory, and the melting points or decomposition 
temperatures, respectively. 
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Monocarboxylic Acids with One Amino Group. 

Glycine, glycocoll, aminoacetic acid (1820, 1858, 232-6° dec.) ; 

H H 

\ I 

N C -COaH* 

/ 1 

II H 

r7-Alanine, a-aminopropionit! acid (1888, 1850, 205° dec.): 

H 

I 

CII.,— C’— COaH 

1 

NH 2 

d-Valine, a-isopropyl-a-aminoacetic acid (1901, 1880, 315° dec.); 

CII 3 II II 

\l I 

C— (— CO2H 

/ I 

CII 3 NH 2 

d-Norleucine, a-aniino-w-caproic acid (1901, 1870, 301° dec.): 

H 

I 

CH 3 (CH 2 ) y— C— COaH 
NH 2 

/-Leucine, /?-isopropyl-a-aminopropionic acid (1820, 1855, 293-5° dec.): 

CH 3 H H 

\l n I 

C— C— C— CO 2 H 
/ H I 
CHs NH2 

d-Isoleucine, a-amino-/3-ethyl-j3-methylpropionic acid (1904, 1905, 275°): 

CHa H H 

\l 1 

C— C— CO 2 H 
NHj 


This was the first amino acid obtained by hydrolysis of a protein. (Braoonnot, 18 i 0 .) 
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Hydroxy Monamino Acids. 

i-Serine, /3-hydroxy-a-amiriopropionic acid (1865, 1902, 228° dec.) : 

OH H 

ni — c— CO2H 
I I 

H NHs 

/-Threonine, a-amino-j3-hydroxybutyric acid (1926, 1936, 256° <iec.): 

H H 

I I 

CH 3 — C -0— CO 2 H 

I I 

O NH 2 
H 

Sulfur-containing Acids. 

/-Cysteine, ^-thiol-a-aminopropionic acid: 

H O 

S II 

HC— C—C— OH 
H NHj 

The disulfide corresponding to Cysteine is /-Cystine (1899, 1903, 258-61° 
dec.) : 


H 

HC- 

ni 


-s— s- 


NH 2 

C— OH 


H 

— CH 
H(!;nh2 

c— oh 


/-Methionine, 7 -niethylthiol-a-aminobutyric acid (1922, 1928, 283° dec.) : 

H 

CHs— S— CHs— CHs— i— CO 2 H 
NHs 


Monocarboxylic Acids with Two Amino Groups. 

d-Arginine, a-amino-5-guanidovaleric acid (1895, 1910, 238° dec.) : 


HsN- 


H 

N 

II H 

-C— N- 


H 


/ 


O 


-CH2(CH2)2— C— C— OH 
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rf-Lysine, a, e-diaminocaproic acid (1889, 1902, 224° d(*o.) ; 

^ O 

H I 

II2NC (CH2) 3— C— C— OH 

H I 

Nlla 

d-Ornithiiie, a, S-diamino valeric acid:* 

H 

IIjN—CHa— CTT2— CHj— C— CO2H 

I 

NH2 

Dicarboxylic Acids with One Amino Group. 

/-Aspartic acid, a-aminosucciriic acid (1868, 1887, 271° dec.): 

HsC— C— OH 

I 

HC-(V-OH 

NH2 

d-Glutamic acid, a-aminoglutaric acid (1866, 1890, 247-9° dec.) : 

H H H 

I I I 

H02( W -f -C-CO 2 H 

I I I 

H O. NH2 
H 

d-Hydroxyglutamic acid, |8-hydroxy-a-aininogIutaric acid (1919, 1919, 
135°) : 


CH 


cn*— c— OH 

/ 

\ 

CH— C— OH 
NH2 


Aromatic Homocyclic Derivatives. 

(-Phenylalanine, /3-phenyl-a-aminopropionic acid (1881, 1882, 283° dec.): 

/\ H 

/ ^w-CH*— C— C— OH 


NH* 




* Ornithine is formed in the liver by the action of the enzyme arginase upon arginine. 
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/-Tyrosine, /5-[/?-hydroxyphenyl]-a-aminopropionic acid (1849, 1882, >290® 
dec.) : 


Ho/\ 


H 

-ciij— c— c-on 

NHa 


/-lodogorgoic acid, 3,5-diiod()lyrosiiie (1896, 190.5): 


ho/ 


H, II 

C -C— (XIjH 
Nils 


I-Thyroxine (1915, 1927, 2.‘}2° dec.): 

I I 


r 


H 2 H 

C— C— CO2H 
NH, 


Heterocyclic Derivatives. 

/-Tryptophan, a-amino-^-S-indolcpropioiiic acid (1901, 1907, 289“): 


H 

N 

/\/ \ 


H / 


O 




--CH 2 — C--C— OH 
NH2 


Z-Proline, pyrrolidine-2-carboxylic acid (1901, 1900, 220°-222° dec.): 


H 

N 


,0 


/ \H 
H 2 C C— C— OH 

I 1 

HsC CHj 

J-Hydroxyproline (1902, 1905) : 


H 

N O 

/ \H 

H,C €— C— OH 

I 

CH, 


HOC 

H 
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Z-Histidine,’" a-amino-/3-imidazolepropionic acid (1896, 1911, 287-8°); 

H 

N O 

/ \ H 

HC^ C— CHj— C—C— OH 

II II NH 2 

N CH 

Additional Acids. 

The following ainino acids have been reported as protein constituents; 
further confirmation is desirable in these cases. 

Canavanine (from jack beans), 7 -guanidino-oxy(guanidoxy)-Q'-amino- 
butyric acid: 

NH 

II II H 

H 2 x\— c— x\— O— CH 2 — CHs— C -CO 2 II 

NITj 

Canalinc (from canavanine), 7 -amino 6 xy-a-aminobutyric acid: 

H 

IIjN-O -CII 2 - CH 2 -C -CO 2 H 
NII 2 

Citrulline, S-carbamido-a-aminovaleric acid; 

O H 

II II I 

H 2 N— C— N— CHs— CH 2 --CH 2 — C— CO 2 H 

I 

NH2 

Djenkolic acid, cysteine thioacetal of formaldehyde: 

HjC— S— CH2— S— CH2 

I I 

H 2 NCH HCNHa 

1 1 

CO 2 H CO 2 H 

Z-Dihydroxyphenylalanine (from Vicia faba), /3[3,4-dihydroxyphenyl]- 
a-aminopropionic acid: 



H 2 H 

C— C— CO 2 H 
NH2 


This acid is usually placed together with lysine and arginine as it is basic. 
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Thiol histidine, |9-[2-thiolimidazole]-a-aminopropionic acid : 

H II 2 H 
N ~C--C— C— C— CO 2 II 
11 / NH 2 

HSC—N 

H 

Essential and Indispensable Amino Acids. Experiments with labora- 
tory animals have shown the wisdom of providing in the diet those amino 
acids which are necessary for protein synthesis (essential acids). However 
certain of these amino acids may also be synthesized in the body. Those 
which cannot be synthesized in the body are known as indispensable 
amino acids. 

Indispensabh' acdds are: Lysine, tryptophan, valine, histidine, leucine, 
isoleucine, phenylalanine, threonine, methionine. 

Possibly one or two other acids will later be added to this list. Arginine, 
while it may be synthesized in vivo, is not made in sufficient amount. In 
tests with animals it was necessary to supply some in the diet. 


Syntheses of Amino Acids 

(1) From halogen acid and ammonia (see page 244). 

* (2) Bij the Sirecker reaction (page 244). 

(3) By the me of malonic ester. The reactions indicated below in 
condensed form have all been studied before (page 257). 


CO2C2H5 CO2C2H5 II II2 

/ / {(lUhC—CWr 

H2C + Na HCNa 

\ \ 

CO2C2H5 CO2C2H5 


(^02C2H6 Clla 

/ / KOU, tlun IK 1 

HC— CH 2 — CH ^ 

\ \ 

00202116 OII 3 


CJOjII 

/ II Br, 

HO— OHj— 0 — ( 0 H 3)2 — > 
\ 

OO 2 H 


OH, 

H/ 

OO 2 H OH 2 — 0 

/ H A H H NH, / \ 

BrO— OH 2 — 0(0II,)2 -> BrO -OHjOCOH,), ^ H 2 NOH OH, 

\ \ \ 

00,11 OO 2 H 00,11 

Leucine 


Isoleucine, proline, and phenylalanine may be made by this method. 

(4) By me of phthalimide. One of several applications of phthalimide 
to amino acid synthesis is given in the form of a continuous equation. All 
of the reactions are already familiar from previous work. 
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o. 


H,C 


/ 

1 

j 

\ 


COjCjHs 


COjCisHs 


\ 


+ Br2 HC^Br + KN 


CO2C2H5 


COjCgHs 




.0 


.0 


HC- 


/ 


/■ 

COiCsHi C\ CO^CsHf, C. . 

Na / / \/\ 

NaC M 

\ 


-N 


CO2C2H5 C 


CH,S(CH2)ja 


COaCjHs C 


\ 


o 


/\/ 

\) 


CW'allr. V 

/ / 

CH3SCH2CH2C — N 

\ 


/ 


O 


llyd. 


Alkali, then 
C02e2H5 C'/ acid 

'^o 


CO2H II 


.0 


H 


CH 


I / Heat I 

3SCH2CH2C--N— ( — C6H4CO2H > CIIjSCHsCHs— C 

I 

COjH 


Nils 


JVcid 


CO2H 

Methionine 


Several other methods both of general and special application will be 
found in the larger biochemistry texts. 

Biosynthesis of Proteins. Man and higher animals depend wholly 
upon plants for the amino acids. Proteins arc formed in the leaves from 
nitrates and nitrites. The precise way in which this is done is unknown, 
though there is no lack of theory concerning the process. Attempts have 
been made to duplicate the natural process by the illumination of aqueous 
salt solutions. See References 13 and 14, page 733. 

Color Reactions of tue Proteins 

When subjected to the action of certain reagents, proteins yield colored 
products by which their presence may be detected. In certain instances the 
presence or absence of definite amino acids is shown by these tests; for this 
reason their discussion was postponed until the various amino acids had 
been enumerated. 
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(1) Biuret Reaction. In applying the biuret test the protein solution is 
made alkaline with sodium hydroxide, and a drop or two of dilute copper 
sulfate solution is ad(l(Ml. Th(i appearance of a red-violet or blue-violet 
color in the solution confirms the test. This test is given by compounds 
which contain acid amide groups in close j)roximii,y; 


HN 


/ 


C— NII 2 


\ 

C— NH 2 

Biiirol 


NH* 


.0 


CH2 

\ 

C— Nils 

Malonaniide 


and lienee is common not only to proteins, but also to substances like biuret 
(from which the reaction gets its name), ami inalonamicle. 

(2) Millon Reaction. Millon’s reagent is made by dissolving mercury in 
concentrated nitric acifl, later diluting with water. It contains mercuric 
nitrate and Jiitrite. The test consists in the development of a red color or 
a red prccipitat(% when a protein is allowed to stand with the reagent or the 
mixture is heated. I'lie reaction depends upon the presence of a hydroxy- 
phenyl group, and is therefore positive for tyrosine. Non-protein com- 
pounds like phenol, salicylic acid, etc., also give the test. 

(3) Xanthoproteic Reaction. The majority of proteins when treated 
with concentrated nitric acid give a yellow color or a yellow precipitate. 
Treatment with a base changes the color to orange. This test depends 
upon the presence of benzene nuclei in the protein (formation of nitro- and 
dinitrobenzene derivatives), and hence is specific for tyrosine and trypto- 
phan.* This reaction and the Millon reaction are more delicate than 
the biuret test. 

(4) Tryptophan Reactions. 

(a) Adamkiewicz reaction. If a protein which contains tryptophan is 
treated with glacial acetic acid, and a few cc. of concentrated sulfuric acid 
are added, a violet ring appears at the junction of the acid and water layers. 
The test was shown to be due to the presence of glyoxylic acid, HCOCOOH, 
in the acetic acid. 

(b) In the Hopkins-Cole test the glacial acetic acid is substituted by 
glyoxylic acid (made by the reduction of oxalic acid with magnesium 
powder), the manner of applying the test remaining the same. 

If milk containing formaldehyde is heated with hydrochloric acid and a 
trace of ferric ion, the tryptophan of the casein yields a violet coloration. 
This test is very delicate in the presence of the formaldehyde. 

(5) Molisch Reaction. Those proteins which contain a carbohydrate 
group will respond to the Molisch test (sec page 354). 

Phenylalanine does not nitrate easily. 
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(6) Sulfur Test. Proteins which contain either cysteine or cystine are 
decomposed when heated with sodium hydroxide solution, yielding sodium 
sulfide. The addition of a soluble lead salt gives a precipitate of lead 
sulfide. 

(7) Ninhydrin Reaction. Alpha amino acids give with triketohydrin- 
dene hydrate (ninhydrin) a blue to violet-red color. This is a very delicate 
test both for the proteins and amino acids. 



Precipitation Reactions of Proteins 

As proteins contain groups capable of salt formation with both acids and 
bases, it is natural that they should be precipitated from their solutions by 
both acidic and basic reagents. The following acids are among those which 
yield insoluble precipitates with proteins: picric, tannic, phosphomolybdic, 
phosphotungstic, chromic, metaphosphoric, ferrocyanic. The very delicate 
Heller test for albumin in urine depends on its precipitation in a “ring” 
upon layering with nitric acid. 

Basic substances causing precipitation include natural bases such as 
strychnine, quinine, and other alkaloids, and the ions of copper, lead, mer- 
cury, platinum, gold, etc. Saturation with ammonium sulfate precipitates 
all proteins save the peptones. Similarly sodium chloride in acid solution 
precipitates all save peptones. 

Many acid and basic dyes cause the precipitation of proteins. 


Structure of the Proteins; Synthesis of Peptides 

Hydrolysis of simple proteins by acid or alkaline solutions, superheated 
steam, or by the use of enzymes, always breaks them down into the amino 
acids. It is therefore fair to assume that these acids already exist in the 
protein molecule and are not formed during the degradation, since in such an 
event the different methods of attack should yield different products.* One 
may therefore speculate on the way in which the amino acids are joined in 
the proteins, and by experimentation seek to verify the speculation. 

It was shown in the section on amino acids (page 245) that these sub- 
stances may form ring compounds by loss of water, when treated with 
dehydrating agents. It is more practical, however, to employ the ester 
in this reaction, in which case alcohol is lost in the ring formation: 

* This viewpoint is not accepted by some chemists, who assert that proteins are built up 
of more complex units than the amino acids. 





ns 


H2CNH2 C2H5O— C--0 

I + J 

0 =-C™ OC2II5 H2NCII2 

Other amino acids react similarly, forming ring compounds belonging to the 
group called diketopiperazines. These ring compounds may be partially 
hydrolyzed if treated with dilute acids, in this way forming a product in 
which two molecules of amino acid are joined: 

HOH 

ny. V 

CH2— N— 

I ‘ 1 

0 =C N CH2 

H 

Such a compound is termed a dipeptidc; three molecules so joined form a 
tripeptide; in general a group of amino acids joined in this common relation 
is called a ])olypeptide. As indicated by the table on page 713, polypeptides 
are found among the decomj>osition j)roducts of natural proteins. It seems 
highly probable that the simple proteins are polypej)tides; however the 
method of synthesis shown above reaches its limit with the dipeptides, and 
will not serve for more complicated molecules. Another procedure based 
upon familiar reactions of the alkyl and acyl halides has been used with good 
effect to synthesize polypeptides. 

(1) It will be recalled that chlorine and bromine react with fatty acids 
to yield a-halogen acids (page 234). 

(2) Also it has been shown that phosphorus chloride in reaction with 
aliphatic acids yields acid chlorides (see page 187). 

(3) Again, acid chlorides react with ammonia or the amino group to form 
amides (see page 189). 

Taking advantage of these facts, a dipeptide may be formed by the reac- 
tion of a bromo acid chloride with any amino acid or, better, with its ester 

II 

CH3— C— C— Cl + HaN— CII2C— OH HCl + 

Br 

H 

CllaC— C— N— CHy— C— OH (A) 
Br H 

By the action of ammonia a primary amino group is introduced, and the 
synthesis of a dipeptide is completed : 


HjN-t^HzC— N— CHj—C:— OH 

H 

Glycylglycine 


H 

HjC— N— C=0 
• SCsIIrOH + I I 

0-- C -N— CH 2 
H 
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H 


CII3C— C— N- 

NII,. H 


-CH, 


-(-Oil 


Alaiiylglycine 


Now the primary Nllo grf)up of this dipeptide is also subject to attack by 
acid chlorides in the usual way: 


CICII2C 



H 

+ CH3C— C— NH— ('H2C— OH 
NH 

ini 


and by the further action of ammonia ( 4 ) the synthesis of a tripeptide may 
be carried out: 






r' I 

H2NCH2C— N— O— C- N— OH2 

II H H 

Glycyl-alatiyl-glycine 


-C— OH 


It will be noted that these peptides are named like substitution products of 
simple amino acids; i.e., the name glycy 1 -glycine intimates that the glycyl 
group is substituted for one hydrogen atom of glycine (a-aminoacetic acid). 

The synthetic method just given has the disadvantage that it lengthens 
the molecule only at one end. It would be possible to operate at the other 
end of the molecule if an acid chloride could be made. For some time it 
was found impossible to make acid chlorides of amino acids, however this 
was finally accomplished in several ways. 

The Bergmann method involves preliminary reaction with the half ester- 
half acid chloride of benzyl alcohol and phosgene (benzyl chloroformate). 


CgHbCHsOH + COCI2 


o 


HCl + C6H5CH2OC— Cl 


Benzyl chloroformate 


R'C 

\ci 


This compound reacts with an amino acid and protects the amino group 
while an acid chloride is made in the usual way. The acid chloride is put 
into reaction with another amino acid, after which the “carbobenzoxy’’ 
group is removed by catalytic hydrogenation. One of the advantages of 
this method of procedure is its avoidance of hydrolysis as a final step. The 
use of hydrolysis to remove the protecting group might involve also a 
partial destruction of the polypeptide links. 
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O O 

II H II H H PCU 

R'C— Cl + H 2 NC— CO 2 H ^ HCI + R'C— N— C— CO 2 H > POCI 3 + 

R R 

0 0 O 

II H H II H II 

HCI + R'— C— N— C— C— Cl + H2N— C— coil HCI + 

R R" 

0 0 0 
II 11 H II H H II Catalytic 

R'— C— N— C— C— N— C— C— OH > CeHsCHa + CO 2 + 

R R^^ hydrogenation 

o 

H II II H 

H 2 N - C— C— N— C— CO 2 H 

R R" 

It is also possible to make an acid chloride from a halogen-acylated 
peptide similar to (A) (p. 725). This acid chloride may be condensed with a 
molecule of amino acid or with a polypeptide, thus allowing the formation 
of long chains. It was by this process that Fischer built the large molecule 
mentioned below. 

Inspection of the molecule of a simple amino acid such as glycine shows 
l^hat it has the structure x-R-y which has been shown to lead to formation 
of polymers or ring compounds (see page 241). The ring formation has 
already been mentioned. Glycine not only forms a diketopiperazine ring 
compound, but under anhydrous conditions it can form chain compounds of 
high molecular weight. If heated in glycerol it gives a horn-like polymer 
which is evidently a high weight polypeptide; this may again be hydrolyzed 
to glycine. 

If we could know in what order the amino acids are joined in any given 
protein it would be theoretically possible to build it after the manner just 
shown; practically the experimental procedures become too difficult.* It 
was however possible for Emil Fischer to unite eighteen amino acids into one 
molecule in this way. The compound (an octadecapeptide) was L-leucyl- 
triglycyl-L-leucyl-triglycyl-L-leucyl-octaglycyl-glycine. This substance had 
a molecular weight of more than 1200 , formed a colloidal solution in water, 
and responded to many of the tests for simple proteins. As the average 
molecular weight of the amino acids from proteins is around 140, and 
the molecular weight of a protein may be about 35,000 or 70,000 or much 
higher, the Fischer synthesis, while a brilliant achievement, must be con- 
sidered as only a beginning. 

However it renders assurance that in simple proteins, at least, the amino 
acids are joined by union of carboxyl and amino groups as in the amides. 
This union is known as the peptide link: 

* The amino acids of proteins are opticaUy active, therefore it would, also be necessary to 
unite the proper isomers in the proper order in synthesizing a natural product. 
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It will he seen that in the synthesis of a polypeptide free amino groups, 
which are primary amines, arc changed to secondary amines. Similarly 
the carboxyl groups of the amino acids are neutralized when a polypeptide 
is formed. 

We may test these conclusions by trying the action of nitrous acid. As 
will be remembered, this reagent liberates nitrogen from primary amino 
groups. The results of this test (called the Van Slyke test), show that 
during hydrolysis there is a steady increase in the number of free amino and 
free carboxyl groups, which reaches a maximum with the complete hydrolysis 
of a protein. 

A protein largely made up of monocarboxy-diamino acids would be 
expected to show basic properties due to the presence of many free amino 
groups. An example is found in the protamines which are basic and which 
on hydrolysis yield a high percentage of basic amino acids. A protein 
largely built from dicarboxy-monoamino acids should have many free 
carboxyl groups. Zein is such a protein. It reacts with bases, not with 
acids; on hydrolysis it gives a high percentage of glutamic acid. 

A protein containing a reasonable percentage of both types of amino 
acids (acidic and basic) should be amphoteric. Most of the water-soluble 
proteins are amphoteric. 

The free acid and basic groups in proteins are held responsible for 
the ability to form salts with either acids or bases. The same behavior 
was discussed in connection with individual amino acids (page 715). In 
the presence of acid, the amino acid binds proton and gives a positive ion 
which drifts toward the cathode when an electric current is applied. In 
presence of base, the amino acid loses proton of the carboxyl group, thus 
yielding a negative ion which drifts toward the anode. Proteins show the 
same behavior. At the isoelectric point there is no drift. At this point 
a protein is least soluble and most easily precipitated. 

Recent Experimental Work. Experiments with thin films of protein 
have given an insight into the possible dimensions of these films, and 
of the valence forces operating between them. (See Reference 19.) The 
structure of such films (according to one theory) is presumed to follow from 
the “ cyclization ” of polypeptide units into ‘‘ hexagons within hexagons.” A 
complete protein would then be a series of such layers or films, or a space- 
enclosing molecule made by the infolding of one layer (see References 17 
and 18 and Fig. 102). 

The chains of polypeptides were formerly supposed to have their indi- 
vidual amino acids in a haphazard order of sequence, but this idea has been 

* See footnote, page 145, 
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attacked. It is supposed that the amino acids of the chain recur at regu- 
lar intervals in the chain; also that the total number of amino acids in a 
simple protein is 288 or a whole number multiple of 288 (see Reference 23). 
The original papers cited should be consulted to get a full conception of the 
fascinating picture of protein biosynthesis which they present and which 
cannot be given here on account of space limitations.* 



Fig. 102. — The cyclol pattern (see reference 18). The meciian plane of the lamina Is the 
plane of the paper. The lamina has its “front” .surface above and its “back” surface below 
the paper. O = C(OH); j^eptide hydroxyl upwards. • = N. O == (^OH); peptide 
hydroxyl downwards. O — = (TIR; direction of side chain initially outwards. 0“ = 
CHR; direction of side chain initially upwards. 

Complex Proteins 

The proteins considered in the above discussion of structure are simple in 
nature. Their hydrolysis yields amino acids only. However we have indi- 
cated that many proteins give other substances besides amino acids when 
hydrolyzed. Carbohydrates, nitrogen bases, phosphoric acid, and other 
compounds are liberated when these complex proteins are subjected to 
hydrolysis. (See table, page 712.) 

The nucleoproteins may be used for an illustration. Hydrolysis of a 
npcleoprotein yields finally : 

(1) A carbohydrate (pentose derivative). 

(2) Purine bases, such as guanine or adenine (page 649). 

(3) Pyrimidine bases, such as thymine, cytosine (page 647). 

(4) Amino acids, 

(5) Phosphoric acid, 

* The conflict of theory reported here should be of particular interest to those students who 
plan to study biochemistry. 
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The great complexity of such substances is at once apparent. The synthesis 
of simple proteins awaits a knowledge of the optical isomers concerned, and 
the order and manner in which the amino acids are joined together, as well 
as assurance that all of tlu^ amino acids present in the proteins have been 
identified. The problem of synthesis of the complex proteins is naturally 
of still greater magnitude. 

Glutathione 

A tripeptide of cspeoial interest is Y-glulainyl-cysteyl (cysteinyl)-glycine, known as gluta- 
thione; it is found in all active animal tissues. 
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Glutathione 


It has recently been syniliesized in the laboratory. Glutathione, like cysteine, is easily oxi- 
dize<l and recovered. The rca<*tions of cysteine may be shown as follows, letting (' represent 
all of the molecule save the SI I group. 



(’ S 


sii -> i+H20 

liedn 211 (’ — S 


Similarly the oxidation of glutathione may be shown as: 

Fe 

2G — SH "f* 0*2 — ► G — S — S — G -F II 2 O 2 

The oxidized molecule may act as a hydrogen acceptor, thus oxidizing another compound: 

(i- S— S— (. -f 211 2(i- SII 

In this fashion the molecule may act as a go-between in biological oxidations. 

Vitamin G (ascorbic acid) is also easily oxidized and again reduced, and may also be utilized 
in the body as a go-between in carrying on necessary oxidations. 

Industrial Importance of Proteins. The role of protein for food has 
long been recognized. It not only supplies energy by its breakdown as do 
also the fats and carbohydrates, but is an essential constituent of all living 
cells. The protein of animal cells of skin, muscle, hair, etc., has a function 
parallel to that of cellulose in the plants. There is a profound difference 
between the food classes in that one may find a certain carbohydrate or type 
of fat in a wide variety of plant and animal cells, while the protein is more 
apt to be unique and characteristic of the particular locale in which it is 
found. 

The demand for protein food is the mainstay of important industries 
(slaughtering, meat packing, cheese making, fishing). In addition we note 
the following applications of protein materials: (1) tanning of hides to form 
leather, (2) cooking of hide, tendon, and bone scraps to make gelatin and 
glue, (3) processing of casein to make glues, paints, synthetic wool fiber, 
plastics (with formaldehyde), (4) use of wool and silk for textile manufacture. 



732 


TEXTBOOK OF ORGANIC CHEMISTRY 


REVIEW QUESTIONS 

1. Write the graphic formulas for alanine, norleucine, leucine, cystine, lysine, tyrosine, and 

indicate the asymmetric carbon atoms in these compounds. Which of the aliphatic 
amino acids on pages 246 and 277 do not have asymmetric carbon atoms.^ 

2. Suggest a method of synthesis for norleucine, and for Q:-aminobu lyric acid. 

8. By what means could alanine be changed to lactic acid? 

4. How could phenylalanine be distinguislied from a-hydroxy-/:l-phenyl“propionic acid? 

5. By what procedure could one show that the two nuclear groups in tyrosine are para to each 

other? 

6. Show the synthesis of glycyl -glycine by two different methods. 

7. Write equations for the synthesis of al any 1-alanine. 

8. Write the formulas of the following: 

(a) Alanyl-glycyl-leucine. 

(b) Leucyl-glycyl-alanine. 

9- How many optical isomers arc theoretically possible for: 

(a) rdycyl-alariine? 

(b) Alaiiyl-alanine? 

10. Review the methods for the preparation of a-amino acids. 

11. Indicate the steps needed to synthesize a tripeptide. 

12. Define isoelectric point; zwitterion. 

13. Show the synthesis of «-phenylalanine by the malonic ester method. 

14. Give graphic formulas and names for: (a) Two monocarboxymonarnino acids derived from 

proteins; (b) One hydroxymonoumino acid; (c) Two sulfur-containing amino acids; (d) 
Two monocarboxydiamino acids; (e) One monoaminodicarboxy acid; (f) One aromatic 
amino acid; (g) Two heterocyclic amino acids. 

15. Which amino acids if combined in “acid amide” linkage would give polypeptides with 

free arnino groups? 

16. Which amino acids if combined in “acid amide” linkage would give polypeptides with 

free carboxyl groups? 

17. Write the formula for the sodium salt of alanine, for the hydrochloride of alanine, and for 

the zwitterion form of the free acid. 

18. If a protein were completely hydrolyzed and with no loss of materials, would the com- 

bined weight of all the hydrolysis products be equal to the original weight of protein or 
less or more than this weight? Why? What is the weight relationship which ordi- 
narily obtains in such a hydrolysis? Why? 

19. A certain monoamino acid upon nitrous acid treatment yields 30 cc. of nitrogen from a 

sample of acid weighing 0.1755 g. What is the molecular weight of the acid? Could 
the compound be any of those listed in this chapter? 

20. Give chemical facts which support the theory that a simple protein is made up of a-amino 

acids joined by “peptide” links. 

21. Oxyhemoglobin contains 0.34% of iron. If we assume that there is one atom of iron in 

the molecule, what molecular weight of oxyhemoglobin follows from the use of the 
“chemical method ” ? 

22. If we learn by analysis the percentage of a certain amino acid in a given protein, how can 

we use this information to estimate the molecular weight of the protein? 

23. The large synthetic polypeptide made by Emil Fischer (page 727) was hydrolyzed by 

both trypsin and erepsin. This fact is considered highly significant in connection 
with a comparison of this synthetic material and a simple natural protein. Wherein 
lies the importance? 

24. In the precipitation of a protein by a complex acid such as tannic acid, the protein com- 

bines with the complex anion of the acid. Should the solution be acid or alkaline to 
cause this to take place? 
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iW Discuss the industrial importance of proteins. 

26. Explain how such a compound as glutathione can act as a “go-between** in oxidation of 

other compounds. 

27. List the protein amino acids in groups which show basic, neutral, and acid reactions, 

respectively. 

28. Ilow can the timphoteric properties of proteins be explained? 

29. Define the following terms: (a) C'onjugaied protein; (b) Derived protein; (c) Indispen- 

sable amino acid. 

SO. List the color reactions of proteins, describe each briefly, and tell for wLat grouping each is 
specific. 
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GLYCOSIDES, ENZYMES, HOliMONES, VITAMINS 

Glycosides 


Glycosides are nai.iirally occurring substances found in plants, usually 
in small amounts. They derive their class name from the products of their 
hydrolysis, which generally include glucose, although other sugars have 
been found in some of the glycosides (arabinose, ribose, xylose, galactose, 
mannose, fructose, rhamnosc). 

Properties. Glycosides are usually water-soluble and are obtained 
from plants by extraction. The plant enzymes, which would cause hydroly- 
sis of the glycoside, are first inactivated by heat. Many such enzymes 
occur in plants, each being specific for the hydrolysis of a particular 
glycoside. However emulsin, which is found in bitter almonds, causes 
hydrolysis of many of the glycosides. 

Glycosides are for the most part colorless crystalline solids, mostly 
Jevorotatory, and possessing a bitter taste. They occur in the roots, bark, 
fruit, and leaves of plants. 

Glycosides may be hydrolysed by acids, and also by the aid of the 
enzymes (see next section). It is noteworthy that in the plants the partic- 
ular enzyme which catalyzes the hydrolysis of the plant glycoside is always 
contained in the plant, although it is stored apart from the glycoside in other 
cells. 

Structure. The hydrolysis products of glycosides include, in addition to 
the sugar, phenolic compounds such as hydroquinone, saligenin (o-hydroxy- 
benzyl alcohol) or phloroglucinol; aldehydes, esters, acids, mustard oils, 
etc.; usually compounds of the aromatic series.* The union of the sugar 
with the phenolic compound in the glycoside is presumed to be the same 
as that occurring in the simple glucosides formed from methyl alcohol and 
glucose (see page 36^). Natural glucosides appear to have the beta struc- 
ture, while synthetic glucosides of both alpha and beta types have been 
made. In laboratory experiments with glucosides of known structure, it is 
found that emulsin splits beta glucosides but not alpha glucosides. A typical 
structure is that of salicin : 
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* The non-sugar part is called the aglycon. 

736 



736 


TEXTBOOK OF ORGANIC CHEMISTRY 


Uses. Significance. A number of the glycosides have a strong physio- 
logical action which leads to their use in medicine; important dyes may 
be obtained from others (see indigo, page 693 , alizarin, page 692 ). In the 
plant the glycosides may serve several purposes. I'lieir bitter taste may 
keep birds and animals from eating seeds and fruits before they have come 
to full term. This theory seems plausible, since as the fruits ripen and the 
plants mature their seeds, the glycosides commonly disappear. Those 
glycosides which occur in flowers are often of striking color; they probably 
serve to attract insects to the flowers and so aid in cross-pollination. 

The phenolic compounds and acids contained in the glycosides have an 
antiseptic and bactericidal action. When a jdant tissue is bruised, the 
enzyme material in the plant is thrown together with the glycoside, causing 
its hydrolysis. The consequent liberation of the antiseptic would prevent 
decay at the seat of the injury. Further, it has been stated that certain 
harmful drugs arc removed from the human body as glycosides (page 363 ). 
In the plant the situation may be somewhat the same; the glycoside may 
illustrate a transformation of materials toxic to the plant into less harmful 
forms. The truth of one of these theories does not necessarily negative the 
others; it is possible that the glycosides serve the plants in several of the 
different ways suggested and in other ways. 

Several hundred glycosides have been isolated and studied. In the 
following list are a few representative compounds of the various groups of 
these substances. 

Sinigrin, CioHic09NS2K-H20, found in black mustard seed, is hydrolyzed 
by the enzyme myrosin to glucose, allyl mustard oil, Jind potassium hydrogen 
sulfate. 

Amygdaliuy C 2 oH 27 NOii* 3 H 20 , found in bitter almonds, peach kernels, 
etc., hydrolyzed by emulsin to benzaldehyde, glucose, and hydrogen 
cyanide. 

Arbutiuy C12H16O7 HH2O, found in bearberry leaves, hydrolyzed by 
emulsin to glucose and hydroquinone. This glucoside is used in medicine. 

Salicin, CisHisOt, found in leaves and bark of the willow. Hydrolyzed 
by emulsin or ptyalin, to glucose and saligenin. It is used as a remedy for 
rheumatism. Saligenin is used as a local anesthetic. 

Ruberythric acidy C26H26O13, is obtained from the madder root. It 
may be hydrolyzed to glucose and alizarin. 

Populiriy C2 oH2208 *^H20, is found in poplar tree bark. It is hydrolyzed 
to glucose, saligenin, and benzoic acid. The substance has antipyretic 
action. 

Phloridziriy C2 iH240io*2 H20, is found in the bark of trees (pear, cherry, 
apple). It is hydrolyzed by acids to glucose and phloretin, which in turn 
gives phloroglucinol. Phloridzin when injected or swallowed produces 
glycosuria and a temporary condition much like that observed in a form 
of diabetes. Its use with dogs has helped in the study of metabolism. 
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Tannins mentioned on page 530 should also be included as a special 
class of glycosides. See also indigo, page 693. 

The digitalis glycosides^ obtained from the leaves and seeds of the fox- 
glove, are used in medicine; several have value as cardiac stimulants. 

Flower Pigments 

The red, blue, and yellow colors of flowers and other parts of plants have 
been shown to belong to the class of glycosides or to be formed from them. 
They therefore pertain to this discussion though it is impossible to give 
them more than a brief mention. They are derivatives of complex ring 
systems of the several types shown below: 
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Anthocyanin nucleus 
(Red, blue, and 
violet derivatives) 


A general similarity of structure will be noted in these formulas. Each 
has a “condensed” benzene ring and each has an integral oxygen or keto 
group, or both, in a ring. The natural derivatives are hydroxylated com- 
pounds. Several are mentioned in the chapter on dyes, page 701. 

Enzymes 

In carrying out various chemical transformations, both in the realm of 
inorganic and of organic chemistry, it has often been noted that reactions 
which normally proceed at a slow rate may be greatly speeded up by the 
use of catalysts. The employment of these catalysts makes certain proc- 
esses commercially feasible which would not otherwise be so. For example, 
aluminum chloride catalyzes the loss of hydrogen chloride in the Friedel- 
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Crafts reaction, various oxides aid in dehydration reactions, acids and bases 
assist in hydrolysis, etc. 

In the life cycle of plants and animals these same processes of hydrolysis, 
syntliesis, oxidation, and reduction must be carried out at temperatures 
which are low in comparison with those of the laboratory, and in nearly 
neutral media. The substances which catalyze llicsc reactions in nature are 
known as enzymes. Enzymes are elaborated by living cells. Those which 
act only within the cell, and which are obtained for study by rupturing 
and destroying the cell wall, are the ‘intracellular enzymes.” Others 
which are secreted by cells and act outside of them are the “extracellular 
enzymes.” 

Enzymes as Catalysts. In its capacity as catalyst an enzyme conforms 
to our ordinary definition of the term. Thus (1) it increases the speed of a 
certain reaction; (2) the amount of increase in speed is proportional to the 
amount of enzyme present; (3) the enzyme is not itself a part of the reaction 
product (though it is apt to be partially destroyed during its action); (4) 
small amounts of enzyme affect large quantities of material, in some cases 
as much as a million times the weight of enzyme employed. Enzymes 
resemble inorganic catalysts in that they often catalyze both a hydrolysis 
and a synthesis. Thus a lipase which aids in the hydrolysis of fats to fatty 
acids and glycerol, can also promote the synthesis of an ester in the labora- 
tory. Similarly, maltase and emulsin have been used in the synthesis 
of glucosides. Enzymes differ from inorganic catalysts in that their action 
is specific. In a number of cases a certain enzyme will catalyze a specific 
reaction and none other. In more cases the enzynie will act on a certain 
group of compounds alone. Thus a fat-splitting enzyme does not affect 
prot(?ins. Maltase splits only a glycosides; emulsin only those of structure 
(pages 374, 735, 740). Though we conceive of enzymes as catalysts, it is 
also agreed that they have the power to initiate chemical reactions. 

Properties of Enzymes. Enzymes are colloidal substances of high 
molecular weight and great complexity, whose purification is rendered 
difficult by their readiness to adsorb foreign substances, a common habit of 
colloidal materials. Many enzymes are precipitated from their solutions 
by salts, such as sodium sulfate or ammonium sulfate, or by strong alcohol. 

Enzymes as Chemical Entities. When alcoholic fermentation was first 
studied, it was believed that the process was in some way bound up with the 
life activities of the yeast plant itself. This idea was abandoned after 
Buchner in 1897 succeeded in grinding yeast with sand, and extracting 
therefrom a liquid which was effective in promoting the fermentation. 
The substance in the juice responsible for the catalytic action was called 
zymase. 

Although the exact nature of the enzymes is not known we believe them 
to be definite compounds, whose reactions conform to their structures. 
This opinion has been strengthened by the isolation of urease in crystalline 
form, the first instance of the isolation of a pure enzyme. Other crystal- 
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line preparations include pepsin, trypsin, amylase, and catalase. All 
are protein-like in their properties; many chemists believe that they are 
proteins. * 

One view of enzymes is that they consist of a colloidal carrier and specific 
chemical groupings. Jt is thought that these active groups may be* shifted 
from one carrier to another. The caLalytic activity is laid to the carrier, 
but the specificity of the enzyme is thought to reside in the active groupings. 
Between such groups and others in the material to be acted upon exists a 
close relationship often called the “lock and key” relationship. A chemist 
would rather conceive C)f the enzyme as a definite entity, ultimately capable 
of laboratory synthesis. If they are actually proteins such synthesis would 
be difficult to say the least, while if a much simpler “active group” is to be 
synthesized, there wouhl be more hope of success. 

Factors Affecting Enzyme Activity. The action of enzymes is strongly 
influenced by their (uivironment. At or near 0° very little action takes 
place, while txunperatures in excess of 60® cause their rapid deterioration. 
In solution all are inactivated at temperatures from 70° to 100° although in 
the dry state tliey will bear heating to this point. Tlie optimum tempera- 
ture for their activity depends upon two factors. A rise in temperature 
increases the catalytic activity but may also increase the rat e of destruction 
of the enzyme. Hence if the reaction is to go on for somc^ time a moderate 
temperature would be optimum. Nature has adjusted this to suit the 
needs of the occasion. The optimum pl\ for enzyme action lies between 
the limits 4 and 8; certain enzymes work better in slightly acid media, 
others function better under alkaline conditions. However the range of 
the optimum pH of an enzyme is usually small. Some enzymes require the 
presence of acid or a salt for their activity while others recpiire a definite 
compound or “coenzyme.” Thus pepsin as it is formed by the gastric cells 
of the stomach is incapable of digesting protein. In presence of acid 
(pH 2.0) it becomes active. Phosphates are needed for the change of sugar 
to alcohol and carbon dioxide. Many substances inhibit the activity of 
enzymes (antipepsin of gastric mucosa). Salts of heavy metals are gen- 
erally inhibitory. 

Classification and Nomenclature. Enzymes are grouped under various 
headings, according to the reaction which is catalyzed and the nature of the 
substrate. Most of them are hydrolases. Within this class are those acting 
on proteins (proteolytic enzymes), etc. In addition are those which act 
upon amino group (deaminases), those which promote oxidations (oxidases), 
and others. The names of most enzymes repeat the name of the substrate 
(substance upon which they act) to which is added the suffix “ase.” A few 
enzymes retain their old names (pepsin, trypsin) which do not fit into 
the general scheme. In the following list the more common enzymes are 
included, together with the substrate and mode of action of the enzyme, t 

* See Hawk and Bergeim, Practical Physiological Chemistry (Blakiston, 1937), page 243 ff. 

t The list is not complete. 
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Hydrolyzing Enzymes. Hydrolases. 

Carhohydrases, (a) Amylases. Malt amylase found in germinating 
grain. Ptyalin of saliva. Starch to maltose. 

(b) Sucrase of intestinal juice. Inversion of sucrose. 

(c) Maltase of malt, yeast, and inb‘stinal juice. Maltose to glucose. 

(d) Lactase of intestinal juice. Lactose to glucose and galactose. 

(e) Emulsin, which is very widely distributed in natures, chiefly in bitter 
almonds, is able to hydrolyze many natural glucosides, also synthetic 
glucosides. An interesting observation is that maltase, which is also able 
to hydrolyze ghicosides, only affects those having alpha st ructure, whereas 
emulsin hydrolyzes only the beta synthetic glucosides. As we have said, 
many natural glucosides are hydrolyzed by emulsin ; it is therefore reasonable 
to consider that these have the beta structure, as was previously stated 

Lipases and Esterases, Lipase, steapsin, in the j)ancreatic juice, hydro- 
lyzes fats to fatty acids and glycerol. 

Proteases, (a) Pe])sin, found in gastric juice, aids in the change^ from 
protein to proteoses and })eptones. 

(b) Trypsin, in the pancreatic juice, converts proteins, j)roteoses, and 
peptones to simple polypeptides and amino acids.* 

(c) Erepsin, secreted by the intestine, changes proteoses and peptones 
to amino acids.* 

(d) Rennin, in gastric and pancreatic secretions. Casein to paracasein. 

Among the fermentation enzymes we note zymase, found in yeasts, 

which catalyzes the oxidation and reduction of glucose to carbon dioxide 
and alcohol. 

Oxidases catalyze oxidations (ethanol to acetaldehyde, aldehydes to 
acids). Catalase induces the change of hydrogen peroxide to oxygen and 
water. It is contained in the blood and in tissues (liver, kidney, muscle, 
etc.). 

Dehydrogenases, found in many tissues, aid the oxidation of organic 
compounds within the body by removal of hydrogen atoms. 

Uses of Enzymes. Enzymes have a considerable commercial impor- 
tance which will be seen in the following incomplete list of applications: 
tanning (bating of skins), textiles (degumming of silk, etc., preparation of 
soluble starch finish), preparation of alcohols and beverages, of cheese. 

The importance of enzymes in the life of plants and animals can hardly be 
realized. The number of different chemical changes which take place in a 
body cell at any time must be large, and there is reason for supposing that 
many of these reactions would not proceed at measurable rate without the 
help of enzymes. Again, the number of enzymes in the organism must be 
equally great as the number of reactions to be promoted. Many different 
enzymes have actually been found in the animal organism. It should be 
apparent that the study of enzymes to determine their nature and the 

* Trypsin and erepsin have been found to consul of several individuals. They are not 
simple as was formerly supposed. 
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manner in which they act is highly important. The growth of our knowl- 
edge along these lines will hasten the time when we may imitate the highly 
efficient organic syntheses now carried on^by the jdaiits. 

ITormontes 

Hormones or chemical messengers (name from Greek, to excite) an^ 
chemical substancevs elaborated by the ductless and other glands of the 
body and stmt into the blood. Their function appe^ars to be the control 
of various bodily activities, and their action suggests that of enzymes in 
being specific and extremely powerful. 

Productive chemical work in the hormone field may be dated from 1902, 
when Bayliss and Starling showed that the flow of the pancreatic juice was 
controlled by a substance which could b(‘ obtained from extracts of duodenal 
mucous membrane. They called the subs lance secretin, and coiin^d at that 
time the word hormone, which has since been applied b) similar active 
compounds. 

The body is well supplied with ductless glands, and the chemical com- 
pounds which they liberate to the blood are evidently of great i)hysiological 
significance. Over- or umhractivity of these glands is usually followed by 
profound disorders and disesases. 

The field of hormone research is fascinating to the chemist because of its 
difficulties, and because of the certainty that every positive finding will 
benefit mankind. Within late years progress has been rapid, with many of 
the best chemists here and abroad devoted to the problems of structure and 
synthesis. The material given here will include only those formulas which 
appear to be well established. 

Adrenaline (epinephrine) is obtained from the medulla of the suprarenal 
glands, and is also artificially prepared as indicated below. Its action is to 
increase blood pressure by constricting the capillaries. In medicine it is 
used to check bleeding in minor operations, in the treatment of asthma. 

H H 

C -CH2 ~N - CII3 
O 
11 

Adrenaline 


HO— ( 
HO 


The pure natural compound vras first isolated in 1901 (Aldrich and 
Takamine) . 

Synthesis of adrenaline (Stolz and others, 1904) : 



^ FOCI, 

+ C1CH*C— Cl ^ HCl + 
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HCl + 


HO- 


H 

^ -CH2— NCHs 


Redn 




Al-Hg or HjrPd 

HO— /N 

HO- 


H H 

-C— CHj— N— CHa 
O 
H 

Adrenaline 

(Racemic) 


Wlien adrenaline is made in the laboratory the racemic product is, of 
course, obtained. This is separated into the d- and /-isomers by crystalliza- 
tion of the tartrates. The /-modification is natural adrenaline, while the 
d- is only one-twelfth as active. 

Ephedrine, a compound obtained from the Chinese plant Ma Tluang^ 
has an action like that of adrenaline; it is also used as a mydriatic. It is 
more stable to oxidation than adrenaline, and has the added advantage that 
it is effective when given by mouth. As there are two asymmetric carbon 
atoms, four isomers are known. All have been synthesized. 


< 


H 

H NCIT 3 


\ I I 
>C— C— CH3 

/ 1 \ 

OH H 


Ephedrine 

Isolated in 1887 (Nagai) 


A synthetic compound, Benzedrine, has been made to substitute for 
ephedrine and adrenaline in certain instances. It has a stimulating effect 
on the central nervous system and raises blood pressure.* 


NH2 

^ CH2— C— Clla 


H 


Benzedrine, jS-Phenylisopropylamine. 


The cortex of the adrenal gland contains hormones of great importance. 
One of these is corticosterone. 



Corticosterone 


* It should be noted that neither ephedrine nor benzedrine is a hormone, though it was 
proper to discuss them here because of their similarity to adrenaline. 
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/-Thyroxine, which is obtained from the thyroid gland, has been isolated 
by Kendall, and later by Harington, who assigned to it the following 
structure : 



«(^ ^CH 


H 

2 C- 


/- 
C 

NH^ \ 


O 


OH 


This hormone is used in medicine in the treatment of thyroid insufficiency, 
cretinism, obesity, etc. Like adrenaline, it has been artificially synthesized 
(1927) and separated into the optical isomers. The /-isomer (natural 
compound) is three times as active as the d-. 

Insulin. The isolation of insulin by Banting, Best, and others has been 
well publicized. This pancreatic hormone regulates carbohydrate metab- 
olism. It has been used with striking success in Llie treatment of diabetes. 
Insulin has been pre])arcd in crystalline form. Hydrolysis yields amino 
acids such as come from the hydrolysis of proteins, moreover it gives the 
usual tests characteristic of a simple protein. Like a protein it is digested 
when given by mouth and must be injected. The assumption created by 
these findings has been confirmed by recent work, which proves the peptide 
structure of insulin; it has been shown to be an albumin. 


Sex Hormones 

Male or Androgenic Hormones. Androsterone has been isolated from 
male and female urine and from the testicles of animals. It is found to 
affect the secondary sexual characteristics (growth of comb in capons, for 
example). Testosterone is about ten times as active as androsterone. 



Isolated in 1931 


(Bulenandt) 

Estrogenic Hormones. Several 
human and equine pregnancy urine. 



Testosterone. Properties 
similar to those of andro- 
sterone. C 19 H 28 O 2 
Isolated in 1935 (Lacxjuer) 

compounds have been isolated from 



Estrone, Theelin, estro- 
genic ovarian hormone. 
(Greek, Theelys == female). 
C18H22O2 
Prepared in 1929 
(Doisy, Butenandt) 
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Estrone has also been found in palm nut oil and in male urine. It has 
a definite stimulating action in the female (growth of uterus, secondary 
sexual characteristics). 



Eshriol, Theelol, estrogenic 
hormone, (h 8112403 
Isolate*! in 1930 
(Marriaii) 


Estriol, distilled under vacuum with potassium hydrogen sulfate, loses 
water and yields estrone and an isomer. Its action is like that of estrone 
but weaker. 

The reduction of estrone gives estradiol which is from four to eight times 
as active as estrone. The compound was made in the laboratory (1933) 
previous to its isolation from the ovary (1935). It and its benzoic acid 
ester are used in medicine. 



H, CH, 




r 

H 





11 

Hj 


Estradiol. The benzoate 
iH formed at position (A) 


An important synthetic estrogenic compound is diethylstilbestrol, 
whose formula is presented here in such a way as to show its structural 
likeness to estriol. 


^\c/ 

Jcih 


Diethylstilbestrol 





Pregnanediol, non-estrogenic. 
The corresponding diketone is 
pregnanedione. C2iH3 602. 
Isolated in 1929 (Marrian). 
In the human body pregnane- 
diol is formed from proges- 
terone. 
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Progesterone. Corpus 
luleum hormone. C 2 in 3 o 02 
Isolated in 1934 


The structures of these compounds show great similarity to each other. 
They are also similar in makc-u}) to sterols, such as cholesterol (page 752). 
A resemblance is also noted between them and the carcinogenic hydro- 
carbons (page 599).* 

The isolation and synthesis of sex hormones are accomplishments of 
recent years, already of great aid to medical practice. A number of different 
hormone preparations have been made from the pituitary gland and para- 
thyroid glands. These are not yet sufficiently characterized for inclusion 
here. 

Plant Hormones. Substances called auxins, isolated from plants, have 
been found to play the part of hormones therein. One of the effects of 
such substances is to cause bending of leaves or stems after local application. 
Formulas of Auxin A and Auxin B arc given below. 


CHs 

I 

CsHsCII 

\H 

0 C(;H(OH)CHi.(CIIOH)2CO(3H Auxin A 


H2C 

\H 

C- 

/ 

CsHsCH 

I 

CH 3 

CII 3 


CH 


CallsCH 

\H 

C CCH(0II)CH2C0CU2C00H 


H 2 C 


/ 

\H 
C CH 


Auxin B 


CsHtCH 

I 

CH, 

* The relationship between these substances and others built on the “ cholane ” ring is 
strikingly illustrated in the table in Hackh’s Chemical Dictionary (Blakiston, 1944, p. 196). 
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Synthetic compounds have been made which are especially effective in 
promoting root growth, also growth without pollenization. These are 
of value in plant nurseries (see page 651). 


Table 50. — Hormone Data* 


Name 

Formula 

IVI.p., 

I«1L“ 

Oxime, 

M.p., 

Semi- 
carbazone, 
M.p., °C. 

Acetate, 
M.p., °C. 

Z-Adreiialiiio . . . . 

( dluNOa 

Dec. 

- 53 

Hydrochlo- 





207 11 


ride. 157" 



/-Ephedrinc 


40 

- 6.3 

Hydrochlo- 





B.p. 255 


ride, 218 



Benzedrine 

(’ 9 II 1 ..N 






Thyroxine 

(’isIIiiNOiiT,! 

2 S 2 Dee. 





Androsterone . . . 

('loHsoOa 

182 

+ 94.5 

216 

276“ 

161“ 

Testosterone .... 

^ 19 H ssDj 

154 

-1-109 

222-3 


140-1 

Estrone 

( 18 II 22 O 0 

259 

-1-158.5 

233 

259 

126 

Estriol 

t\gH2403 

280 

-+• 30 



Triacetate, 





127 

Pregnanediol.. . . 

O 2 ) H 3 6^2 

235 




183 

Progesterone .... 

C 21 H 30 O 2 

121 (128) 

+192 

Dioxime, 







243 




* See note regarding ephedrinc and benzedrine, page 742. 


Vitamins 

As early as 1905, workers in the field of animal nutrition expressed the 
view that a diet composed of pure fat, carbohydrate, and protein is inade- 
quate for life, and even with the addition of inorganic factors is inadequate 
for health and vigor. It was recognized that certain as yet unknown sub- 
stances must be added to the diet to maintain health and avoid deficiency 
diseases, such as scurvy. 

Meantime Eijkman, studying the disease beriberi, came to the conclusion 
that it was caused by the monotonous diet of polished rice common to those 
afflicted by the disease. Beriberi w^as prevalent in parts of China, Japan, 
India, and in Java where Eijkman was stationed. It was shown that the 
disease could be relieved by restoring the rice polishings to the diet. 

Birds fed on a diet of polished rice developed conditions similar to those 
of beriberi, and were cured by addition to the diet of the outer coats removed 
in the polishing. Later Funk prepared from yeast and from rice polishings 
a crystalline substance which had high curative value. He proposed the 
name vitamine for compounds of this kind, which has since been changed 
to vitamin, as the compounds are not amines. 

Research in the vitamin field became active with these discoveries and 
has increased almost in geometrical ratio since that time (1910). The 
active compounds were given letter names by their discoverers since their 
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chemical structures were unknown at the time. Now we know the struc- 
tures of several and find them to be quite different from each other. It 
seems better, however, to group these compounds than to place each in 
its proper chemical niche. 

The vitamins, then, arc compounds necessary , though in minute amounts, 
in our diet.* They are not energy-producing compounds; neither arc they 
used as building blocks for tissue construction. The name “ Vitagen ” has 
been proposed for compounds which are necessary in the same sense as the 
vitamins, and which may also be used to build tissue or supply energy. 
Vitamins are perhaps best likene<l to hormones. Jf that classification were 
adopted we would have two classes of hormones, tliose which can be synthe- 
sized in the body, and those for which we look to the plants. Vitamins may 



Fig. 108. — Model of Bi molecule. {Ind. ami Eng, Chemisiry.) 


oe classified as fat-soluble and water-soluble. The first named dissolve in 
fats and in fat solvents. They are A, D, E. Vitamins B, C, are 
water-soluble. 

Vitamin A. Two vitamins A arc known; without doubt there are other 
compounds of this series which will be found later. The present discussion 
concerns the only one which has been isolated and synthesized. Lack of 
this vitamin is associated wdth the onset of eye diseases (xerophthalmia, 
night blindness, conjunctivitis) and is possibly responsible for a lessened 
resistance to infectious diseases. Growing rats given a diet lacking in A 
soon cease gaining in weight. They fail to reproduce and are short lived. 

A good source of the vitamin is halibut-liver oil;t it is also found in cod- 
liver oil, butter, egg-yolk and (as carotene) in green vegetables and carrots. 
Carotene and vitamin A are fairly stable to heat and are not likely to be 
destroyed in the kitchen, however they suffer oxidation with relative ease, 

* Vitamins are synthesized by the plants and are apparently necessary for the healthy 
growth of plants. Animals other than man have equal need of vitamins but usually lack the 
ability to synthesize them. Individual animals have different vitamin necessities. 

t A technique has now been developed for distilling vitamin A directly from fish oils. The 
distillation is conducted in a molecular still at very low pressure. 
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especially at elevated temperatures. Vitamin A gives a blue color with 
antimony trichloride. 

It is found to have a structure closely related to that of the carotenoids, 
fat-soluble pigments found in plants. The formula for ;8-carotene is 
given below. Other substances with somewhat similar structure have been 
isolated, several of which, like this compound, yield vitamin A in the animal 
body. * 


CHj CH, 


C CIIs CH, CH3 CH3 C 

/X H H I H H H [ H H H H [ H H II ( H H /\ 

H2C CC:CC:CC:CC:CC:CC:CC:CC:CC:CC C 

I II II 


CHs CHa 


CH, 


HaC C CHa 


C 

Ha 


HaCC CH2 

\/ 

c 


/3-CaroteruN C 4 oll 6 o- Vitamin A precursor. M.p., 183°. Forms two molecules of vitamin A 
by dividing symmetrically. Note the recurring isoprene unit in the long chain. 



Attention is directed to the similarity of structure between vitamin A and 
irone (violet perfume). It is significant that the vitamin preparations also 
have this odor. 

Vitamin B. What was originally called vitamin B has been shown to be 
a complex. Ten or more factors have taken its place to account for indi- 
vidual dietary effects. These have been variously named by investigators, 
so that some confusion exists in the terminology. 

Bi. Antiberiberi Vitamin. Growth-promoting. Water-soluble. Is 
found in yeasts, eggs, and in the hulls and germ of cereal grains. The 
highly milled white flour used for bread making is deficient. 

Bi exerts a definite influence upon lactation; successful lactation with 
rats depends upon an adequate supply. With humans, a lack of Bi inter- 
feres with normal growth of children. Various nervous and digestive 
disorders have also been traced to lack of Bi. There is also a relationship 
between Bi and carbohydrate metabolism; diabetic patients have been 
benefited by use of the vitamin. Severe deficiency of Bi causes the onset 

* Kuhn and Morris (1987) reported the synthesis of vitamin A. Baxter and Robeson 
(1942) presented photographs of the crystalline A and of several of its esters. 
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of beriberi. About 2 mg. of this vitamin per day appears to be adequate 
for human needs. 

Vitamin Bi is destroyed by heating in an autoclave to 120 °, but is not 
harmed in ordinary brief cooking operations; it may, however, dissolve in 
the cooking water and be lost if this is rejected. A recent report indicates 
that commercial canning operations are very destructive. B 2 is more 
stable to heating than Bi. The following formula has been established by 
the synthesis of the compound, in all respects identical with the natural 
vitamin. 


I 

C 

</ \ H Cl- 
N C— C-N+ C— CH3 

I II H II II 

H3C— C CH HC C CH2CH2OH 

\ / \ / 

N S 

Viliimin Ih hydrochloride, Thiamin chloride 
(Willianjs and (line, 193G) 

Expected U. S. synthetic production: 25-30 tons annually 
Prices per ounce: 1935, $8000; 1943, $15 


Riboflavin, B 2 (G). Growth-promoting. Water-soluble. The vitamin 
can be obtained from yeast or liver, egg-white, spinach. Lactoflavin, a 
pigment from milk, is identical with B 2 . Rats fed a diet deficient in B 2 
develop baldness and cataract. Growth ceases and death soon occurs when 
no B 2 is fed. The structure has been worked out and the compound has 
been synthesized. Other compounds with similar gross structure have been 
made; some have activity similar to that of B 2 , though less intense. The 
daily adult requirement of B 2 is 2-3 mg. 

Riboflavin, 

(Lactoflavin), 

Vitamin B 2 
Synthesized 1935 
(Kuhn, Karrer) 

Ba, This vitamin may be identical with pantothenic acid. It is water- 
soluble, necessary for weight increase with pigeons; present in liver, yeast, 
whole grains. 

B 4 . Growth-promoting. Antiparalytic growth factor for rats. Occurs 
in yeast and liver. 

B5. Not yet well characterized. B5 is a weight maintenance factor foi 
birds. It is possibly identical with nicotinic acid, as the latter has properties 
attributed to Bs. 
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Be, Pyridoxin. Rice polishings and yeast are good sources; also wheat 
germ. Re is water-soluble. With rats B« is growth-prf>moting and preven- 
tive of acrodynia (a dermatitis). 


HOC 

I 

H.,CC 




Cl 1,011 

c 


\ / 

N 


CCH 2 OH 

II 

CH 


Vitamin Pyridoxin 
Synthesized in 19.S9 
(independently in Ger- 
many and U. S. A.) 


Nicotinic Acid; Nicotinamide (P.P. Factor). Good sources are wheat 
germ, liver, yeast. The compound was isolated from yeast and rice in 1912 
by Funk; the first successful treatment of human pellagra was reported in 
1937. Pellagra, however, is usually caused by lack of other 13 vitamins 
besides nicotinic acid, particularly ]3i and 132- 


N 


HC 

ii 

HC 




N 


V 

H 


CH 

I 

CCOOH 


Nicotinic 

acid 


HC 

!i 

H(^ 


\ 


/• 


CH 

I 

CCONIT 2 Nicotinamide 


C 

H 


Pantothenic Acid. This vitamin is found in all animal tissues; liver and 
kidney are good sources, also molasses, rice bran. The vitamin is water- 
soluble; sensitive to heat, to acids and bases. The vitamin is growth- 
promoting for rats. Chicks on a deficient diet develop a dermatitis. 

CII 3 O 

H I H II II H H 

HOC— C—C—C—N~~C—C— coon Pantothenic acid 

H 1 OH H H Synthesized in 1940 

CH 3 


Inositol. This occurs in almost all plant and animal tissue cells. Citrus 
fruits form a good source, also yeast. White mice on a deficient diet lose 
thteir hair and develop a dermatitis. The compound is water-soluble and 
sweet. 


HOH 

hoh/^oh 


Inositol 


HOH 
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^-Aminobenzoic Acid. This vitamin 
Growth-promoting for chicks, prevents 
graying of fur in rats. A growth factor 
for many bacteria, e.g., clostridium 
acetobutylicum (page 790). 

Vitamin C. Ascorbic Acid. Lack of 
vitamin C induces scurvy in men and 
guinea-pigs. The use of fruit juice to 
combat this condition has been known for 
about 200 years. C occurs in fresh fruits, 
notably orange and tomato, and in veg- 
etables and red peppers; also in the 
adrenal cortex. C is water-soluble; is 
harmed by cooking operations when ex- 
posed to air. It is sensitive to alkali, 
stable towards weak acids. Adult require- 
ment, 50-100 mg. Large doses of vitamin 
C were recommended (1942) for the relief 
of hay fever. Synthesis of ascorbic acid 
from L-xylosonc is given below. 


may be isolated from yeast. 



Fig. 104. — Bottle of synthetic vita- 
min; the equivalent of trainloads of rice 
polish. {Ind, and Eng, Chemistry,) 


H 


-0 

11 

0 

CN 

CO2H 




1 

C— 0 

1 

neon 

1 

neon 

Vitamin C 


1 

IK’N 1 Hyd 1 

synthesis (1933) 


IICOH 

— ^ c=o — 

e=-o 

U. ^ 

5. synthetic produc- 

1 

1 

1 

tion 

(1940), 17 tons; 

nocH 

neon 

neon 

1943, 100 tons (esti- 

1 

1 

1 

mated). Prices per 


CH2OH 

Hocn 

iioen 

ounce: 1933, $213:1942, 


1 

1 

$1.65 



CH2OH 

CHaOn 








//^ 



CO2H 

c 

1 





I 

C— OH 

c— on 

1 1 

HC— OH 



II 

dil HCl II 


1 



C— OH 

^ e— OH ! 

C=-0 



^ 1 

1 

0 1 O 


neon 

ne 

1 

i ne 

1 


1 

HO( n 

1 

Hoeii 


1 

HO( n 



CHjOH CH2OH CH2OH 


L-Ascorbic acid, Vitamin C. The 
D-acid is much less active. 


Vitamiii D. The D group contains a number of compounds, of which D 2 
and Da are best known. The simple term “vitamin D” is usually applied 
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to the group. They are fat-soluble. D is intimately concerned with the 
deposition of bone salts; absence or deficiency is associated with the onset of 
rickets. In rickets there is a derangement of the calcium and/or phosphorus 
balance which interferes with proper bone growth, and in the growing child 
results in bow-legs and other malformations. The disease is cured by 
exposure to direct sunlight or ultraviolet light, or by the addition of vitamin 
D to the diet. The ultraviolet irradiation of foods having small vitamin D 
potency is also found to make them antirachitic. Evidently there is present 
both in the foods mentioned and in the human skin* some substance which 
with ultraviolet illumination becomes antirachitic. One such substance 
upon isolation proved to be ergosterol, one of the class of sterols, f whose 
formula is given below. Ergosterol (a provitamin) is transformed by 


(»Bf BrgottBrol) 



Vitamin D3 is identical save for 
the aliphatic side-chain which is 


H 


— C(CH3)(CH2)aOn(CH3)2 



* Experiments at Institutum Divi Thomae have shown that vitamin D and its precursors 
are removed from the surface of skin by ordinary Avashing. In the normal course of events 
the vitamin precursors in the skin secretions would be reabsorbed after irradiation. It has also 
been shown that rats cAn absorb sufficient vitamin A (from halibut -liver oil) through the skin 
to maintain healthy growth. 

t The sterols are solid alcohols associated in nature with plant and animal fats. Cholesterol 
of the bile, the chief constituent of gallstones, is the best known. Stigmasterol, C29H47OH, 
one of the plant sterols (phytosterols) has been used as a starting material for the synthesis of 
progesterone. 
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illumination to vitamin D 2 (calciferol). Similarly 7-dehydrocholesterol 
is changed to Dg.'*' 

Sources of vitamin D are halibut- and cod-liver oil, egg-yolk, milk. 
The vitamin is fairly stable to oxidation and not harmed by cooking opera- 
tions. Overdose of D causes excessive deposits of calcium to occur. 

Vitamin E. The term “vitamin E” is applied to three tocopherols, two 
of which are isomers; the third is homologous to the others. In experiments 
with laboratory animals it has been demonstrated that both vitamins A 
and E must be present in the food if normal reproduction is to occur. 
However vitamin A has other functions, while for vitamin E the prevention 
of sterility is so far the best known function. Ilenoc to this extent E may 
be called antisterility vitamin. It is a fat-soluble substance, found in milk, 
butter, green leaves, and in the germ oil of wheat or cottonseed. When 
omitted from the food of the test animals they gradually cease to produce 
their young. 


CHa 


C O CHa 

/■ \ / \| H H 

HsCC C C- -(€112)3— C-(CH2),—C-(CH2) 


HOC C CHa 

• \ / \ / 

c c 

I Ha 

CH3 


CHa 


CHs 


H 

r-C— (CH,)a 


a-Tocopherol 
Synthesized 1938 


The vitamin is stable to air, heat, and light, to a high degree. It also 
resists destruction by mineral acids and alkali. It is inactivated by ran- 
cidity of certain associated fats (lard, hydrogenated cottonseed oil). 

Vitamin H, Biotin. This is widely distributed in plants and is present in 
most animal tissues. It is apparently needed by all animals. Rats deprived 
of H develop a dermatitis and other abnormal symptoms and finally die. 


O 


C 


HN^ 

1 1 

Biotin. Proposed formula of 194£ 
(du Vigneaud) established by syn- 

HC CH 

1 1 

thesis of the compound (1943) 

HaC CCH2(CH2 )sCOOH 


\ /H 



* The following compounds are antirachitic after irradiation; 7-dehydrositosteroI, 7-hy- 
droxycholesterol, 22-dihydroergosteroI. Irradiated crude cholesterol also is antirachitic. 
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Vitamins K. Ki and K2 arc known at present. Ki occurs in plants 
(cabbage, tomato), also in egg-yolk, liver. K 2 is present in microorganisms. 
Ki and K 2 are fat-soluble; they are needed for the normal coagulation of the 
blood. 


O 


/\/ 


c 


^CCHs 


CHa 


CHa 


CHa 


CHa 


CCH2C=C (CH2)aC (CH2) aC(CH 2 ) aCCHa 
H n H 

CHa 


/ H 


Vitamin Ki 
Synthesized in 
1989. In K 2 the 
side-chain is: 

CHa 


dl2(CH=C -CH2CH2)5CH=C CHa’* 


A well balanced diet containing a reasonable amount of fresh fruits, 
fresh vegetables, and milk, insures that one will obtain a sufficient intake 
of vitamins, as but small amounts of each are essential to one’s physical 
welfare. Attention to the diet is a matter of considerable importance 
especially for the growing child; although the shortage of any particular 
vitamin may not reach the point where a deficiency disease is noted, there is 
always the danger of lowered vitality, with a decreased resistance to infec- 
tion. It may also be imagined that a faulty diet given a growing child 
might lead to certain irregularities in development, which, not perceptible 
at the time, would appear later in life. 

In addition to the vitamins discussed here others have been reported 
from time to time, e.g., vitamins P, Bj, J, Li, L 2 , M, T, U, etc.; also essential 
fat acids, amino acids (page 721), choline (page 814), betaine (page 246). 
Information relative to the nutritional significance of these compounds 
should be sought in special monographs (see page 755). 
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CHAPTER XXXIX 


CHEMISTRY IN THE HUMAN BODY 

Digestion, Absorption, and Metabolism 

Man’s food is generally divided into five classes: water, salts, proteins, 
carbohydrates, and fats.* In this chapter we shall consider how the sub- 
stances of the last three groups are made available for the needs of the body 
(digestion, absorption), and how they are finally broken down and eliminated 
(metabolism). 

Digestion of fats, carbohydrates, and proteins is similar in that it con- 
sists of the breakdown of complex molecules into simple water-soluble units 
which can enter and circulate in the body fluids. The breakdown is in each 
case assisted by enzymes. It is highly probable that in the synthesis of 
various body tissues from the foodstuffs enzymes again play a part; thus 
the total number of participating enzymes is certainly very large, and there 
is no assurance that all of them are known. 

Carbohydrates. It ajipears that neither starch nor the disaccharides 
can be effectively utilized by the body until they have been reduced to their 
most simple factors, the monosaccharides. Digestion begins in the mouth, 
where the enzyme ptyalin (salivary amylase) initiates the hydrolysis of 
starch .to dextrins and maltose. This hydrolysis proceeds for some time 
in the stomach, but gradual increase of the hydrochloric acid concentration 
through contact with the stomach contents progressively inhibits the action 
of ptyalin, and there is no further digestion until the small intestine is 
reached. Here the medium is mildly alkaline, and amylopsin, an enzyme 
of the pancreatic juice, carries on the hydrolysis begun by ptyalin. Maltase, 
which is secreted by the small intestine, converts maltose to glucose, while 
sucrase and lactase convert cane sugar and lactose to their hydrolysis 
products, glucose and fructose for the former, glucose and galactose for the 
latter. 

The absorption of the simple molecules obtained by the breaking down 
of the foodstuffs occurs principally in the small intestine, though a small 
amount of absorption has been noted in the stomach. The inner wall of the 
small intestine is thrown into numerous folds and possesses countless minute 
projections known as villi. These are especially numerous in the first few 
feet of the small intestine. 

The individual villus has a central canal, known as a lacteal, through 
which materials can leave the intestine, and also an ample capillary system. 

* This list takes no account of any accessory factors, such as vitamins. 
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The blood vessels unite in the portal vein which leads to the liver. The lac- 
teals unite in larger lymph vessels, finally leading to the thoracic duct. 
Material collecting in this system is added to the blood stream near the 
point where the left subclavian vein joins to the jugular vein. 

The simple sugars formed by the hydrolysis of carbohydrates arp taken 
into the blood stream by way of the capillaries of the villi and go by way of 
the portal vein to the liver. Here the excess of carbohydrate is stored in 
the form of glycogen, (C 6 Hio 05 )x often called ‘"animal starch.” The gly- 
cogen is evidently formed from glucose* by a condensation with loss of 
water: 

xCoHisOg - (x - 1)II20 (CgHioO,)x 

Its production by the liver is moderately rapid. The concentration of glu- 
cose in the blood is quite constant (about 0.09%) and is seldom over 0.15%' 
except in cases of diabetes or in periods just following the ingestion of large 
amounts of sugar. When an excessive amount of sugar is found in the 
blood the condition is known as glycemia (hyperglycemia). Excess in the 
urine is called glycosuria. Normally the liver breaks down a sufficient 
amount of glycogen to keep the concentration constant. Glycogen is also 
formed and stored to some extent in the muscles and is freed from this source 
when needed for the production of energy. The muscle tissue forms from 
40-45% of the body weight and the glycogen content possibly rises to about 
1%, therefore for a normal adult the muscle glycogen may be about 300 
grams. 

The formation of glycogen in the liver is influenced by insulin (insulin 
inhibits the glycogen-glucose reaction). The formation of glucose from 
glycogen appears to depend upon an enzyme, glycogenase, which in its turn 
is activated by adrenaline. The regulating mechanism can be pictured 
as follows; excess blood sugar leads to secretion of insulin by the pancreas; 
this halts glucose formation in the liver. If the blood sugar becomes low 
the adrenals secrete adrenaline which stimulates the formation of glucose 
from liver glycogen. 

So far, then, the changes suffered by carbohydrate foods in the body are: 
(1) hydrolysis to simple sugars (glucose, fructose, galactose); (2) conversion 
to glycogen (glycogenesis) ; (3) hydrolysis of glycogen to monosaccharide 
(glycogenolysis). 

Ingested carbohydrate may be stored as glycogen or oxidized, or trans- 
formed to fat, or to some extent transformed to amino acids for protein 
manufacture. The metabolic rate rises during the digestion of food, this 
effect being known as specific dynamic action. The S.D.A. for carbohydrate 
is about 6%. The ultimate fate of the blood sugar, mainly glucose, is its 

* Fructose and galactose are changed to glycogen in the liver. Fructose forms glycogen 
more rapidly and to a greater extent than does glucose, galactose more slowly and to a very 
small extent (experiments with rats). 
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oxidation to carbon dioxide and water, which is productive of heat and other 
forms of energy. The oxidation is however preceded by a breaking down 
of the molecule whose exact nature is not perfectly clear. 

During muscular contraction there is the production of lactic acid which 
is preceded by complex interchanges between hexose diphosphate, adenyl 
pyrophosphate, and glucose. The lactic acid is largely reconverted to 
glycogen, in part by muscle, in part by the liver, which then returns it to 
the muscle by way of blood glucose. A part of the lactic acid is oxidized 
to carbon dioxide and water. Some may escape in the urine. A vast amount 
of work has been done in connection with the oxidation of glucose and a 
coherent theory will probably be formed after further consideration of the 
accumulated data. 

It seems to be fairly well established that the sequence of oxidation of 
glucose to final carbon dioxide and water, also the synthesis of fat from 
carbohydrates both demand an adequate supply of vitamin Bi. 

H 

Glucuronic acid, C (CHOH) 4 — C=0, an oxidation product of glu- 

'^o 

cose, is found in the blood and urine. The substance is of interest because 
when certain harmful substances such as camphor or phenol are found in the 
bpdy, they are there combined with the glucuronic acid and then eliminated 
in the urine. 

Certain portions of carbohydrate which escape digestion may undergo 
bacterial fermentation in the large intestine, producing a variety of ali- 
phatic acids and other products, none of which is likely to be pronouncedly 
harmful. 

Fats. The digestion of fats begins in the small intestine where, under 
the influence of the enzyme steapsin, a lipase of the pancreatic juice, which 
is activated and assisted by acids of the bile secretion, they are converted to 
fatty acids and glycerol. The bile salts, by lowering the surface tension, aid 
in emulsification. A small amount of soap formed at this time may per- 
haps assist in the emulsification of the unchanged fats and so cause their 
more ready hydrolysis (?). It should be noted that fats already emulsi- 
fied may be digested in the stomach as well as in the intestine, lipase being 
present in both situations. The bile, pancreatic juice, and intestinal secre- 
tion are all alkaline. Their combined effect is to lower the acidity caused 
by the acid of the gastric juice. 

Fatty acids and glycerol are absorbed in the small intestine, mostly by 
way of the lacteals of the villi, and are apparently very soon resynthesized 
to fat, which then enters the venous circulation by way of the thoracic duct. 
In this resynthesis of fats those molecules which are characteristic to the 
body would naturally be formed; hence the process of splitting and synthesis 
would serve a real purpose. 



760 


TEXTBOOK OF ORGANIC CHEMISTRY 


It is possible that lipase assists in the synthesis of fats in the body as well 
as in their degradation. Certainly this reversibility has been observed in 
laboratory experiments with lipase (see page 738). Again, it seems highly 
significant that an esterase is found in the blood, the liver, in muscles, etc. 
It is possible that fat is split and remade more than once in the course 
of its service in the body.* 

The fat taken into the circulation may be used (1) in the synthesis ot 
more complex substances of the body; (£) it may be stored in adipose tissue 
for future iise;t (3) the glycerol fraction may be changed to glucose; (4) it 
may be utilized for energy. In the latter event the fat is oxidized to carbon 
dioxide and water, probably after a })reliminary hydrolysis to glycerol and 
fatty acids. The exact mechanism of oxidation is not known. The glycerol 
is presumed to follow the same course as a carbohydrate. With regard to 
the fatty acids, one theory (that of Knoop) is that oxidation takes place on 
the beta carbon atom, giving first a hydroxy acid, then a keto acid. This on 
further oxidation loses two carbons as acetic acid (ultimately as carbon 
dioxide and water). 

In the following equations stearic acid is used as an example: 

Oxid H Oxid 

C15H31— (CIl2)2~-(Xl2H > CisIIar-C— CII2— CO2H > 

OH 

Stearic acid /3-Hydroxy acid 

Oxid 

CifJI.,1— C— CHa— CO2II > C16II31CO2H + 2CO2 + 2H2O 

/3-Keto acid 

As the acids of natural fats have an even number of carbon atoms, the type 
of degradation pictured above would finally lead to butyric acid derivatives. 
Actually, in diabetes and in fever conditions, we observe the “acetone 
bodies,” 6e^a-hydroxybutyric acid, acetoacetic acid, and acetone, in the 
urine. Acetoacetic aicid could well have been formed by the oxidation of 
fce<a-hydroxy butyric acid, to later yield acetone as a decomposition product 
(see page 211). 

Conditions which cause faulty carbohydrate metabolism are apparently 
responsible for the failure in fat metabolism which leads to the production of 
the acetone bodies. 

Fat is a very highly concentrated food. About 90% or more by weight 
is- suitable for energy production, and the calorific value is 9 large calories 
per gram. The S.D.A. is about 4%. 

Proteins. Proteins begin the cycle of digestion in the stomach under 
the influence of pepsin. The stomach contents normally contain hydrochlo- 

* Since esterase acts only very slowly upon fat glycerides, and the presence of enzymes 
with fat-splitting power has not been demonstrated in tissue cells, this is only a hypothesis. 

t It has been found in studies with rats that stored fat is constantly being exchanged. 
About half of the storage fat of the test animals was replaced in from five to nine days. 
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ric acid in a concentration of about 0.25-0.5%. Pepsin in this acid medium 
induces the hydrolysis of proteins to proteoses and peptones. Another 
enzyme, rennin, in combination with calcium ion, causes the coagulation of 
casein of milk to calcium paracaseinate. In this way milk when ingested 
is retained in the stomach for a longer time than if it remained in liquid 
form. In the small intestine the digestion is carried forward by the enzymes 
trypsin, aminopolypeptidase, dipeptidase, and carboxypolypeptidase. 

Apparently the amino acids formed by the hydrolysis of protein food 
are absorbed by the blood system of the villi without further change and are 
carried to the various tissues, there to be synthesized into the different com- 
plex proteins characteristic of the individual organ. 'J'hc final metabolism 
of fats and ol carbohydrates is of course very complex and has not been 
cleared up in ali details. With the proteins additional complexity is intro- 
duced through the necessity of considering so many different amino acids; 
this will not be attempted here. 

The amino acids may be used for tissue synthesis or repair, for the mak- 
ing of specific compounds such as hormones, or for energy production. By 
deamination an amino acid may be converted to a keto acid; presumably 
this is the first step in the transformation to glucose which occurs with a 
number of the protein amino acids. 

Deamination. 


R R 

I I 

H— C— NHj > C=NH 

1 I 

CO2H CO2H 


R NHj 

H 2 O 1/ 

> C 

\ 

OH 

CO2H 


R 

-NHa I 

>c=o 

C02H 


As some amino acids can form glucose and glucose can form fat, there is 
here an indirect path from protein to fat. . The ammonia coming from the 
deamination is nearly all converted to urea in the liver and voided as such 
in the urine. 

Nitrogen Balance. Unless tlie body is gaining weight through growth 
or wasting away by reason of disease, the nitrogen excretion is on a level with 
the nitrogen intake.* The necessary protein intake to make up for bodily 
“wear and tear” is quite small, possibly 30-40 g, a day. Normally an adult 
eats more than this amount. The body can synthesize some amino acids 
by a reversal of the deamination process shown above, but in case of protein 
starvation this would not be of help, since the indispensable amino acids 
would be lacking. Protein has a higher specific dynamic action (30%) than 
either fat or carbohydrate. The S.D.A. of a mixed diet is about 10%. 

Detoxication. Protein matter which escapes digestion in the small intes- 
tine normally undergoes bacterial putrefactive changes in the large intes- 

* It is possible that the liver maintains a small amount of protein deposit (as amino acids). 
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tine. A great number of substances, some of which are toxic in their 
nature, are formed as a result of the complete breakdown which takes place 
during this action. Among these are indole, skatole, phenol, phenylacetic 
and phenylpropionic acids, carbon dioxide, hydrogen sulfide, methane, 
ammonia, hydrogen, and other compounds. 

Indole and skatole are absorbed by the intestine and later eliminated in 
part in the urine, after being oxidized to indoxyl and skatoxyl respectively, 
and combined with sulfuric acid : 


H 

N 


H 

N 


H 

N 



CH 

r " 

1 

r 1 


II Oxi<! 


II HjSO, 



CH > ' 


' CX)H > ' 

k k 


CH 

-(I0SO2OK 


Indole 


Indoxyl 


Indoxyl sulfuric acid (salt), 
(Indicau), found in urine 


H 
N 

/\/ \ 


COSOsONa 

II 

CCH3 Sodium skatoxyl sulfate 


Phenol and cresol arc eliminated in the urine partly free, partly conjugated 
with sulfuric acid: 


I^OSOaOH 

Phenolsulfuric acid 

V 


It seems evident that indole and skatole arise from tryptophan, while 
phenol and cresol proceed from the degradation of tyrosine, and benzoic acid 
from phenylalanine. By a loss of carbon dioxide, similar in effect to the 
Hofmann reaction, amino acids may form amines: 

H 

R— C— C— OH CO 2 + RCH 2 NH 2 

NH2 


In this way, substances like cadaverine (page 315), indoleethylamine, etc., 
may be formed by bacterial action upon protein amino acids. 

Interchangeability of Foodstuffs (Resume) 

The available heat energy of the three classes of foodstuffs has been 
calculated to be: 


For protein, 1 gram = 4000 calories 

For fat, 1 gram = 9000 calories 

For carbohydrate, 1 gram = 4000 calories 



CHEMISTRY IN THE HUMAN BODY 


763 


Fats are seen to produce more energy when oxidized than do either carbo- 
hydrates or proteins. This is in accord with the make-up of the three types 
of molecules. Carbohydrates contain a relatively high percentage of oxygen 
(in CeHioOs, O = 49%). Proteins, again, have relatively much less carbon 
than fats (C = about 50% for proteins, but over 70% for fats). Thus, the 
fats, which have a higher carbon percentage than the proteins, and are less 
oxidized than either carbohydrates or proteins, should furnish more heat 
when burned. 

Under certain conditions, perhaps by the influence of specific enzymes, 
proteins may be converted to carbohydrate in the body. Thus, alanine by 
(ieaminization is changed to lactic acid, from which the body can form 
glycogen: 


<.0 


^.0 


H T Redn H 

CHaC— C— OH — > Nila + CHaC— C— on CH 3 O— C— OH 

NHa OH 

Alanine Pyruvic acid Lactic acid 


As evidence that the body can change protein material to sugar, we have 
the experience of diabetic dogs, which, although fasting, continued to 
excrete sugar in the urine. About 58% of protein may be converted to 
carbohydrate. 

There is no evidence that sugars can be formed in the body from higher 
fatty acids, but it appears that glycerol can be transformed to glycogen. 
To this extent, then, fats may be changed to sugars. It is also believed that 
fats may be synthesized in the body from the deaminized acids of the protein 
molecules (see page 761). The production of fat from carbohydrate in the 
body is a well known fact. 


Physiological. Action of Drugs 

In the preceding paragraphs, the changes which the various foodstuffs 
undergo during digestion and utilization by the body were briefly described. 
We shall now discuss, with considerable brevity, the same topics as related 
to drugs. The physiological effects of various simple organic groupings 
belong to this discussion, but it will be necessary to omit all consideration of 
the theories concerning the action of drugs on the human organism. 

Organic compounds serve admirably in a study of the effect of structure 
upon physiological action, since it is possible to prepare derivatives in series 
which vary regularly one from another in physical properties, or which 
carry a certain group in a variety of placements. Studies of this nature 
have shown that there is a strong connection between the constitution of a 
compound and its physiological action. A slight alteration in the position 
of a group may entirely change the mode of action of a drug.* Often d- and 

* /-Nicotine is more toxic than the rf-isomer. The antioxime of perilla aldehyde is reputed 
to be 2000 times as sweet as sucrose; the j^^aoxime is not sweet. p-Ethoxyphenyl urea (dulcin) 
is sweet, but the ortho isomer is taatelcM. 
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/-isomers have quite different effects. Such matters as solubility, volatility, 
molecular weight, etc., also have a bearing on the action of drugs. The 
influence of these various factors will be brought into the following discussion. 


Effects of Some Important Groups 

Hydrocarbons and Alkyl Groups. The aliphatic hydrocarbons have a 
narcotic action. The lower members produce sleep upon inhalation, and 
higher members are more toxic and narcotic. This action finally becomes 
less as solubility and volatility <liminish. Thus, the solids are harmless. 
Olefins have a greater narcotic effect (see page 60 ). Benzene has a 
depressing influence upon the brain and a paralyzing effect upon the motor 
nerves. Naphthalene is more toxic than benzene. Alkyl groups in many 
cases cause a decrease in toxicity when substituted for hydrogen; however, 
in some instances, the effect is to the contrary. Thus, catechol is more toxic 
than guaiacol: 


/^pOH 

more toxic than 

and o-methoxybenzoic acid is less toxic than salicylic acid; 

OCH3 /\-OH 


-CO2H 


less toxic than 


-CO2H 


however, resorcinol dimethyl ether is more toxic than resorcinol: 

/\— OCH3 OH 


\/ 

1 

OCH* 


more toxic than 


H 


Toluene is more toxic than benzene; the xylenes are less toxic. 

Halogens. The entrance of chlorine into aliphatic compounds usually 
increases their narcotic action, the amount of increase depending upon the 
halogen content. This is well shown in the series, CH3CI, CH2CI2, CHCI3, 
CCI4, where toxicity increases along with increased narcotic action. In 
some cases, increase of chlorine content decreases the toxicity of aliphatic 
compounds. This is the rule with the sodium salts of the chlorinated acetic 
acids. In aromatic compounds, the properties are not greatly changed by 
introduction of chlorine; toxicity is increased. As we go from chlorine to 
iodine, narcotic action lessens and antiseptic action becomes more marked. 

Hydroxyl Group. The introduction of successive hydroxyl groups into 
aliphatic compounds lessens their toxicity. Monohydroxy alcohols are 
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derivatives and free radicals. He is 
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chemistry in the University of Chicago. 
See pages 69, 117. 
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narcotic and toxic, whereas the polyhydroxy alcohols are harmless, and 
their derivatives, the sugars, serve as useful foods. In aromatic compounds, 
the OH group brings toxicity and antiseptic powers to the compound. 
Toxicity increases with an increase in the number of hydroxyl groups 
introduced. 

Acid Groups. Acid groups cause a decrease of toxicity in their com- 
pounds. Several examples have been cited in the sections dealing with the 
breakdown of foods. Thus, phenol and cresol are transformed by the body 
to their sulfuric acid derivatives which are much less toxic. The same is the 
case with skatole and indole. Carboxyl group and sulfo group in organic 
compounds lessen toxicity. Benzoic acid is less toxic than benzene, while 
salicylic acid has a lower toxicity than phenol. In saccharin, wc have both 
carboxyl and sulfo groups. The compound is harmless in spite of its 
possession of “ammonia nitrogen/’ which, in general, has toxic effects. 
Acyl groups often exert a like effect, e.g., aniline is more poisonous than 
acetanilide. 

Inorganic Groups. With inorganic salts, the i)hysiological effect appears 
to be due almost entirely to the positive ion. The effect is dependent upon 
the nature of the ion, and the solubility and per cent of ionization of the salt. 
Salts of zinc, iron, and aluminum have astringent properties, the first named 
having also an antiseptic action. Silver and mercury compounds have anti- 
septic power. Arsenic and antimony compounds have already received 
mention (page 602). 

Alteration of Drugs in the Body 

The majority of drugs are so handled in the body as to convert active 
substances into others less active and less toxic. Usually, the latter are 
more acid in nature than their precursors. Hydrolysis, oxidation, and 
reduction reactions are carried out in the body in making these changes in 
toxicity, also syntheses. Among the latter are union with sulfuric acid or 
glucuronic acid, already mentioned. Aminoacetic acid is used similarly 
to render substances less toxic. By a study of the form in which a given 
drug is eliminated from the body, it is frequently possible to make changes 
in the molecular structure which increase greatly the value of the compound 
as a curative agent. 


Simplification of Drugs 

As the beneficial physiological action of certain complex drugs appears to 
reside chiefly in characteristic groups, which represent only a part of the 
molecule, there are a number of cases in which it seems preferable to syn- 
thesize new substances containing this particular group, rather than to 
synthesize the entire complex. An example is found in the case of cocaine: 
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H H 

CHi!— C C— C— OCHa 

O 

.H II 

♦N— CHa *C— *0— ,C— ^CaHa 


CHa— C- 


.CHa 


Cocaine 


O 


II . 

The grouping indicated by asterisks, i.e., 11 — N — C — C — C — O — C — R is 
closely imitated in the following coini)ounds which possess anesthetic action. 


CHa O— C— CaHa 

\ / 

C H Cl 

/ \ \ / Stovaine 

Calia CHa — N(CH 3)2 (See also Alypin, page 670) 

H Cl O 

(CaH^aN— CHa— C^Ha— O— C— < ( ) >NHa Novocaine 


The material in this section, while admittedly fragmentary, is sufficient 
to show that in the synthesis of drugs, there are distinct guiding principles. 
The author hopes also that the intensely interesting nature of this type of 
chemical research has been, at least in part, revealed. Research in this 
field has recently been aided by the use of a transparent crustacean, Daphnia 
rnagna, as a test animal. This has made possible a direct inspection of the 
action of various drugs upon the internal organs. Much valuable informa- 
tion has been gained in this way bearing on convulsive effects upon muscle, 
anesthetic effects, staining of organs and tissues, and other biological 
responses. 
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CHAPTER XL 


IDENTIFICATION OF ORGANIC COMPOUNDS 

In order to identify and name an unknown organic compound, one may 
pursue two different courses: ( 1 ) perform a quantitative analysis and a 
molecular weight determination to fix the molecular formula of the com- 
pound; then, by a study of its reactions, assign it to its proper group. As 
an illustration of this method, suppose the formula secured was C2H6O and 
the compound proved to be an alcohol, then it could be ethyl alcohol and 
nothing else. This method is quite tedious and time-consuming, due to the 
difficulties which usually attend the quantitative analysis of organic 
compounds. 

If ( 2 ) this compound were proved to be an alcohol by a study of its reac- 
tions, then its boiling point, specific gravity, etc., would tentatively identify 
it as ethyl alcohol. Now, if several derivatives were prepared from the 
compound and these agreed in melting and boiling points with values 
.tabulated in the chemical literature for the corresponding derivatives of 
ethyl alcohol, the identification would be just as certain as by method ( 1 ), 
and the expenditure of time and effort much less. For this reason, the 
latter method is preferred by chemists when simple compounds are to be 
identified. It is likely that such compounds, together with their deriva- 
tives, will be described in the literature. 

For the identification of new substances, that is those not already listed 
in the literature, every available item of information must be secured. It 
should be noted that for many substances which have been studied for years 
the structures have still to be worked out. The task of identification is never 
a simple one, but it is obviously less difficult to identify a compound already 
fully described than to fix the structure of a complex unknown molecule. 
Many of the specific “group tests” proposed here would, however, have 
value in working with the unknown. The information gained by such 
group tests would be a necessary supplement to that given by the quantita^ 
tive analysis and molecular weight determination. 

Analysis and Identification 

( 1 ) The compound must be pure. Mixtures are separated by the proc- 
esses of distillation, crystallization, use of selective solvents, etc., a full 
description of which may be found in laboratory manuals of organic 
chemistry. 
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(2) The melting point, boiling point, density, refractive index, and other 
physical constants are of great assistance in an identification. Often, these 
are secured incidentally during the process of purification of the compound. 
The first three have the greatest importance, and frequently they are the 
only data recorded in the literature for a compound. 

(3) The color, odor, taste, crystal form, etc., of a compound will aid one 
in making an identification. However, as taste and odor are somewhat 
matters of individual judgment, too much dependence should not be placed 
upon these properties. 

(4) The compound is subjected to qualitative analysis (see page 8) to 
determine what elements it contains. If no test for oxygen has been made 
its presence must always be suspected. By the use of lists of compounds 
like those on page 804, “Derivation of organic compounds,” one finds in 
what series the unknown compound should be sought. For instance, if 
only C, H, and Cl were found, the C, H, Cl, and C, H, O, Cl lists alone would 
need consideration, i.e., the compound could not be a urea derivative or an 
amine. 

(5) The solubility of the substance in certain “key” solvents is ascer- 
tained. The information gained is of the greatest value in assigning the 
compound to its proper class. The solvents are: water, ether, sodium 
hydroxide solution, sodium bicarbonate solution, hydrochloric acid, con- 
centrated sulfuric acid, 85% idiosphoric acid. The use of these solvents 
permits the separation of organic compounds into nine solubility groups 
and the behavior of the unknown towards the key solvents places it in only 
one or perhaps two of these groups, thus narrowing the scope of the 
investigation. 

Having fixed on one or two homologous series to which the compound 
may belong, one now makes specific tests for the particular functions 
concerned. 

(6) A consideration of the physical properties of the substance, of the ele- 
ments which it contains, and of its solubility behavior, allows one to eliminate 
a number of series at the outset. The solubility tests usually narrow the 
choice rather promptly to one, two, or perhaps three chemical series. More 
specific tests, coupled with reference to the literature, will then allow one to 
fix on the proper series to which the compound belongs and will finally 
indicate the identity of the unknown compound. 

(7) When this point is reached, one or two derivatives are prepared whose 
phyisical constants must agree with those quoted in the literature for the 
suspected compound, before the identification may be considered complete. 

(8) Mixed Melting Point Determination. In some cases one has on 
hand an authentic sample of a compound which is supposed to be identical 
with the unknown being investigated. If the material is a solid a mixed 
melting point determination may be made. For example it may be thought 
that the unknown is salicylic acid. If a known sample of pure salicylic acid 
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is available, equal portions of known and unknown are mixed for a melting 
point determination. For a positive identification the known compound, 
unknown compound, and mixture should all melt in the same manner and 
at the same temperature. The theory is discussed in the laboratory manual 
and in physical chemistry texts. 

(9) In the following paragraphs are presented some of the outstanding 
properties and reactions which will be useful in the identification of several 
important series of compounds. This material is supplementary to the text, 
and in each case reference should be made to the body of the text for the 
equations of the various reactions, the exjdanatory matter concerning them 
and the physical properties of the compounds.* Used in this way, the 
summaries should serve as a rapid review of the behavior of these com- 
pounds. It is not feasible for us to present in full the different laboratory 
procedures used by the analyst. Those intending to carry on the aniilysis 
and identification of organic compounds are referred to laboratory manuals 
of organic qualitative analysis for detailed descriptions of the actual tech- 
nique employed in the various tests, and for the special tests which may be 
found necessary. 


C AND II Compounds 

^ Saturated Aliphatic Hydrocarbons. Hydrocarbons are lighter than 
water, and insoluble in same. Those of this series do not react with nitric 
acid;t they react slowly with bromine, liberating hydrogen bromide. A 
solution of bromine in carbon tetrachloride may be used. Hydrogen 
bromide is insoluble in this medium, and if any is evolved it may easily be 
detected. Hydrocarbons are moderately soluble in alcohol, soluble in 
benzene, insoluble in concentrated sulfuric acid. 

Derivatives. No suitable derivatives can be offered. This means that 
the specimen must be very carefully purified in order that its boiling point, 
refractive index, and density may be determined with considerable accuracy 
for comparison with the literature. 

Unsaturated Aliphatic Hydrocarbons. These add bromine; when 
treated with a solution of bromine in carbon tetrachloride, the color is dis- 
charged without the evolution of hydrogen bromide. They are oxidized by 
a solution of potassium permanganate. 

A dilute solution of potassium permanganate (Bacyer’s reagent) is 
employed. The discharge of the purple color, and precipitation of brown 
manganese dioxide, are signs of reaction. 

Unsaturated compounds generally break at the double or triple bond 
when oxidized. A study of the products of oxidation is often helpful in 

* For physical properties see also the table, page 808 . 

t Tertiary carbon atoms are subject to attack by nitric acid and by strong sulfuric acid, 
also by certain oxidizing agents. 
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identification. Compounds with the “CH group form metallic derivatives. 
When treated with an ammoniacal solution of cuprous chloride, a, dark- 
colored precipitate of a copper salt is produced. Unsaturated hydrocarbons 
are soluble in cold concentrated sulfuric acid (see page 71). 

Derivatives, For the olefins the identification will probably rest upon a 
careful determination of physical constants. Acetylenic compounds form 
mercury salts which are suitable derivatives for their identification. With 
conjugated dienes the Diels-Aldcr redaction with maleic anhydride or other 
suitable compound may be used to obtain a solid derivative. 

Aromatic Hydrocarbons. These dissolves with or without the applica- 
tion of heat, in fuming sulfuric acid. Simple aromatic hydrocarbons do not 
dissolve in cold concentrated sulfuric acid. Treated with nitric acid they 
give nitro compounds heavier than water. Those with alkyl side-chains ma,^ 
perhaps be oxidized by nitric acid to give aldehydes or acids. Hydrocarbons 
with several rings (condensed) often form molecular compounds with picric 
acid which have definite melting points. Aromatic hydrocarbons dissolve 
in dimethyl sulfate, and they participate in the Friedel-Crafts reaction. 
The aliphatic saturated hydrocarbons are insoluble in dimethyl sulfate, do 
not take part in the Friedel-Crafts reaetion. 

Derivatives, Nitro compounds arc very useful, also picrates. The 
oxidation of compounds with side-chains with permanganate solution gives 
solid acids. 


C, II, AND Cl Compounds 

Alkyl Halides. These are practically insoluble in water and in con- 
centrated sulfuric acid, and ionize but slightly. Chlorides are lighter than 
water, while bromides and iodides are heavier. Compounds with several 
halogen atoms have high densities. The iodides show greater activity in 
general than the bromides or chlorides. Lower members have a peculiar 
sweetish odor. They give the Beilstein test, that is, when heated on a 
copper wire in the Bunsen flame, a green or violet color is produced. Alco- 
holic potash converts them to olefins, and aqueous alkali causes hydrolysis, 
with the production of the corresponding alcohols. In either case, a precipi- 
tate of silver halide is secured when the resulting solution is made acid with 
nitric acid, and treated with silver nitrate solution. They react with sodium 
to give hydrocarbons (Wurtz reaction), and combine with ammonia to form 
ammonium salts. With metal salts, they react by double decomposition 
(page 82). 

Derivatives, There are several derivatives among which to choose. A 
good method involves (1) preparation of a Grignard compound (2) reaction 
of the Grignard compound with a mercuric halide (for identification of 
primary halides) or with naphthyl isocyanate. 
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RX + Mg ^ RMgX 

RMgX + HgX 2 — >■ MgXa + RHgX (for primary halides) 

O 

II2O II 

RMgX + C10H7NCO CioH,NC~OMgX > C10H7N— C— R 

1 H 

R 

Aryl Halides are insoluble in water and in concentrated sulfuric acid. 
'^Hicir odors are faint but not unpleasant. They are not subject to hydrolysis 
(see exception, page 483). They react with sodium in the Fittig synthesis 
(page 432) and with magnesium in the Grignard reaction (page 432). Aryl 
compounds with halogen in the side-chain act like alkyl halides (page 433). 
In addition, these substances have a sharp piercing odor, and are lacryma- 
tory (cause flow of tears). 

Derivatives, These compounds may usually be nitrated. If there is a 
side-chain the oxidation to a halogenated acid may be in order. 

Acyl Halides. These compounds have a characteristic piercing odor. 
The lower members fume in the air, due to the formation of halogen acid. 
They react with cold water to give a solution of organic acid and halogen 
acid. Amides, esters, and anilides are formed with ease. 

Aromatic Acid Halides. These react but slowly with water, and 
are insoluble. Esters are formed by the Schotteii-Baumann reaction 
(page 524). 

Derivatives. These compounds very easily give derivatives with 
ammonia and amines. Amides and anilides are solids, hence useful for 
identification purposes. Esters, if solid, may also be made. In some cases 
the hydrolysis of a halide to its acid may serve the purpose (when the acid 
is a solid). 


C, H, AND O Compounds 

Aliphatic Alcohols. Hydroxyl group in most compounds will react (1) 
with sodium to liberate hydrogen; (2) with phosphorus halides to replace 
OH by Cl; (3) with an organic acid (anhydride, acid halide) to form an ester. 
lA)wer members of the alcohol series are water-soluble, as are all polyhydroxy 
compounds. With acid halides esters are formed. Lower members form 
solid esters of definite melting point with 3,5-dinitrobenzoyl chloride. 
Esters of poly hydroxy alcohols are made by the Schotten-Baumann method. 
Primary, secondary, and tertiary alcohols are distinguished by their oxida- 
tion products, but more readily by various comparative tests which have 
been worked out for the use of such reagents as phthalic anhydride, hydro- 
bromic acid, HCl-zinc chloride, etc. These are described in the qualitative 
analysis text. 
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The semicaxbaisuiies, made with semicarbazide, may be used as well: 

O O 

H II H II 

R2C=0 + HjN— N— C NHs H 2 O + R— C=N— N— C— NHs 



In some cases the formation of the oxime may be advantageous : 

H H 

RC--0 + H 2 NOII ^ H 2 O + RC~ NOH 

Derivatives for identification of specific aldehydes and ketones have been 
suggested in the body of the text at the appropriate places. 

Ethers. Ethers are insoluble in water. Aliphatic ethers dissolve in 
cold concentrated sulfuric acid and may be recovered by pouring the result- 
ing solution into ice-water. Treatment with hydrogen iodide yields alkyl 
halides. The aromatic-aliphatic ethers, when warmed with aluminum 
chloride, yield phenols and alkyl chlorides. 

Derivatives. Aromatic ethers may be brominated or nitrated to give 
suitable derivatives. For aliphatic ethers there is no simple method of 
identification through preparation of a derivative. 

Esters. Esters are insoluble or very slightly soluble in water; they are 
soluble in cold concentrated sulfuric acid. They possess agreeable odors 
for the most part. When warmed with sodium hydroxide solution, they are 
hydrolyzed; concentrated hydrochloric acid may also be used for hydrolysis. 
The hydrolysis is usually performed in a quantitative manner in order to 
secure the saponification equivalent (the weight of ester which requires a 
gram-equivalent weight of alkali in the hydrolysis). The products of 
hydrolysis are recovered and examined independently. Concentrated 
ammonium hydroxide solution reacts with esters to form amides. 

Phenols. These are soluble in sodium hydroxide solution, and differ in 
this way from aliphatic alcohols. They are weakly acid, and form salts 
which are stable in water, but which are decomposed by carbonic acid. 
They often have characteristic odors. Addition of ferric chloride solution 
gives colors, which vary for the different compounds (see pages 499 and 514). 
Coloration with ferric chloride is also shown by other hydroxy compounds, 
therefore the findings of this test have only a relative value. Bromine- 
water with a phenol gives a precipitate of brominated phenol (page 499). 
Acid halides form esters with phenols. Phenols, when treated with a solu- 
tion of potassium nitrite in concentrated sulfuric acid, yield strong colors 
(Liebermann test). Ordinary phenol gives, finally, a blue color. The same 
test serves to detect the nitroso group. Many phenols when heated with 
phthalic anhydride and sulfuric acid give phthaleins. These yield strong 
colors in presence of an excess of alkali. 
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Derivatives, 

(a) Urethans from a-naphthyl isocyanate : 

O 

H|| 

CioIIvNCO + ArOH CxoHyNC— OAr 

(b) Bromo derivatives, example, tribromophcnol, page 499. 

(c) Ethers of acetic acid: 

CICH 2 CO 2 II + NaOAr NaCl + ArOCHaCOsH 


(d) Additional derivatives are: picrates, esters of 3,5-dinitrobenzoic 
acid, nitro compounds. 

Acids. The lower aliphatic members only are water-soluble. Acids 
from butyric to capric have a foul odor. Aromatic acids are colorless solids, 
sparingly soluble in water. Hydrogen is liberated from the acids by the 
action of sodium, their solutions in water are acid to litmus, and bases form 
stable salts with them. They clecompose carbonates giving carbon dioxide. 
The aliphatic monocarboxyl ic acids are oxidized or reduced only with great 
difficulty . Their dry sodium salts when heated with excess of strong base 
yield hydrocarbons. Esters form when the acids are warmed with excess 
of alcohol and concentrated sulfuric acid. The acid halide may be pre- 
pared from the acid by the use of phosphorus pentachloride, and in turn 
used to form esters or amides. Acids may be distinguished from phenols 
as their alkali salts are not decomposed by the action of carbon dioxide, 
while those of the phenols arc. Ferric chloride reacts with aliphatic 
hydroxy acids to give a yellow coloration. The phenolic hydroxy acids, 
particularly the ortho acids, give blue or violet colors with this reagent. 
Derivatives, Aliphatic Acids, 

(a) Esters made with jo-bromophenacyl bromide: 


BrCeHxCCHsBr + RCO^Na NaBr + RC02CH2CC6H4Br 


(b) Formation of the anilide or toluidide. 

(c) Titration to obtain the neutralization equivalent of the acid. The 
neutralization equivalent is the weight of the acid (in grams) which will 
neutralize 1000 cc. of normal alkali. For a monocarboxylic acid it is the 
molecular weight, for a dicarboxylic acid it is half the molecular weight. 

XT X T X* -lx Wt. of acid X 1000 

iNeutralization equivalent = ? — n — 

^ cc. of alkali X normality 

Aromatic Acids, 

Formation of amides and/or anilides and/or toluidides. A few gen- 
eralizations can be offered for the dicarboxylic acids. All are solid, and 
several are unstable to heat or undergo reaction when heated (page 254s), 
Analytical data are given on page 266 for hydroxy acids (tartaric and citric). 
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Acid Anhydrides. These compounds are very slightly soluble in water. 
They may be hydrolyzed with alkali to give salts of the acids. An ester 
also hydrolyzes with base to yield a salt, but in this case an alcohol is pro- 
duced along with the salt (page 205). Esters and anilides, amides or 
toluidides may be formed from anhydrides as from acids. Aromatic 
anhydrides are solids, whose reactions resemble those of the aliphatic 
compounds. 

Glycosides and Carbohydrates. These substances on strong heating 
develop characteristic burnt odors. They give the Molisch test (page 354) . 
Treated with concentrated sulfuric acid, the glycosides exliibit strong colors. 
Glycosides respond to hydrolysis, after which the carbohydrate portion may 
be tested with Fehling’s solution. The behavior of sugars and starch, 
etc., is given on page 352 and following pages. 

Derivatives. For monosaccharides the osazones (diphenylhydrazones) 
may be used. For further data see Reference 7. For glycosides see Refer- 
ence 8. 


C, II, AND N Compounds 

Aliphatic Amines are basic to litmus and are soluble in acids, with which 
they form compounds by direct addition. They form precipitates with 
picric acid or platinic chloride solution. The primary, secondary, and 
iertiary amines are distinguished by their action with nitrous acid and by 
the Hinsberg reaction. The isocyanide test is useful to distinguish primary 
amines. 

Derivatives. Primary and Secondary Amines. 

(a) Benzenesulfonamides or similar type compounds such as a-naph- 
thylsulfonamides. (Equation, page 441.) 

(b) Derivatives from phenyl mustard oil (phenylthioureas) : 

S 

H 11 H 

RNHs + CsHbNCS CbUbN— C— NR 

(c) Substituted amides from treatment with a suitable acid chloride or 
anhydride. 

(d) Formation of picrates. 

Tertiary Amines, 

(a) Formation of picrates. 

(b) Formation of ammonium salts with methyl iodide. 

(c) Formation of salts with chloroplatinic acid. 

Aromatic Amines are much less basic than the aliphatic. The primary 
amines may be diazotized ; they form bromo derivatives when treated with 
bromine-water, and yield the isocyanide test. Primary, secondary, and 
tertiary compounds are distinguished by the use of the Hinsberg test. 
Primary and secondary amines react with acid halides to form substituted 



778 


TEXTBOOK OF ORGANIC CHEMISTRY 


amides. Primary amines after diazotizatioii may be coupled with jS-naph- 
thol to give colored compounds (azo dyes). 

Derivatives are as described for the aliphatic amines. In addition we 
have the p-nitroso compounds as derivatives for aromatic tertiary amines 
of the type of dimethylaniline. 

Azo Compounds. These are in general highly colored stable solids. 
They reduce to amines with rupture of the — N=N — union (page 485), 
with consequent loss of color. 

Hydrazo Compounds (aromatic) are colorless solids, which easily oxidize 
to colored azo compounds. Warmed with dilute acids they undergo the 
benzidine rearrangement (page 478). They may readily be reduced to 
amines. I^ike amines, they are subject to acylation, forming mono- and 
diacyl derivatives. 

Nitriles. These are insoluble in water. Nitriles yield ammonia slowly 
when boiled with sodium hydroxide solution. If the hydrolysis yields a 
solid acid this may starve as a derivative, or it may be treated to form a 
suitable derivative. When heated with alcohol and concentrated sulfuric 
acid, oxygen esters are formed. Reduction gives primary amines. Partial 
hydration by gentle treatment with dilute alkali leads to the production of 
amides. 

Isocyanides have disagre<'able odors. They arc hydrolyzed to produce 
formic acid and primary amines (page 287), and are easily oxidized to 
isocyanates by mercuric oxide, giving a precipitate of metallic mercury. 

C, H, N, AND O Compounds 

Amides. These readily yield ammonia and an acid (salt) when warmed 
with alkali. Nitriles are formed by heating amides with phosphorus 
pentoxide. Through the Hofmann reaction, amides are transformed to 
lower amines. 

Derivatives, The acid formed by hydrolysis is characterized in the 
usual way. 

Isocyanates have irritating odors. They are extremely reactive, and 
may be identified by their action on substances containing OH or NH 2 
groups (page 290). 

Aromatic Nitro Compounds may be reduced to amines in acid solution, 
or in alkaline solution to azoxy, azo compounds, etc. Those in which OH 
or NH 2 is substituted are usually colored; the nitrophenols give highly 
colored solutions in alkali. 

Test for Nitro Group, The compound is heated with zinc dust in dilute 
alcoholic solution of ammonium chloride. This reduces the nitro group to 
hydroxylamine group. The aryl hydroxylamine gives a silver deposit when 
treated with ammoniacal silver nitrate solution. 

Derivatives, 

(a) Polynitro compounds, made by further nitration. 
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For identification of aliphatic sulfonic acids, see J. Am. Chem. 8oc., 
69, 2500 (1937), also page 783. 


PROBLEMS 

The properties of a number of compounds are listed in the following six problems. From a 
consideration of these properties assign each compound to one (or more) of the homologous 
series (hydrocarbon, alkyl halide, ether, etc.). 

1. The compound contains (’' and 11. It is lighter than 'water, and insoluble in same. Nitric 

acid reacts with it producing a yellow oil, insoluble in water. 

2. The compound contains C, H, and O. It is slightly soluble in water, soluble in ether. A 

solution of the substance in dry ether when treated with sodium liberates hydrogen gas. 
The original compound reacts with acetyl chloride with liberation of hydrogen chloride. 

3. The compound contains H, and Br. It is heavier than water and is insoluble. The odor 

of the compound is agreeable. It reacts with sodium giving a neutral substance contain- 
ing C and H, but no halogen. 

4. The compound contains C and II. It decolorizes bromine-water and reduces alkaline 

permanganate solution. Arnmoniacal cuprous chloride solution is unaffected by the 
compound. 

5. The compound contains C', H, and O. It dissolves somewhat in water and freely in sodium 

hydroxide solution. Ferric chloride solution gives a dark coloration. The compound 
reacts violently with concentrated nitric acid. It is insoluble in sodium carbonate 
solution. 

6. The compound contains C, II, O, and N. When warmed with sodium hydroxide solution, 

ammonia gas is evolved. A characteristic piercing odor is observed when the compound 
is warmed with sulfuric acid. 

7. What groups are suggested by the following tests 

(a) The compound contains C, II, and Br. When warmed with water it does not dis- 
solve. The water layer gives a yellowish precipitate when treated with silver 
nitrate solution. 

(b) The compound contains C, H, and S, has a bad odor. It is oxidized by nitric acid; 
it gives a heavy precipitate with lead acetate solution. 

(c) The compound contains C, II, and O. It is a liquid of bad odor. It dissolves slightly 
in water; the solution reddens litmus paper. The neutralization equivalent is 88. 

(d) The substance is an oil, very little soluble in water. It dissolves in dilute hydro- 
chloric acid solution. When treated with hydrochloric acid and sodium nitrite in 
the cold, it gives a colorless solution. Addition of alkaline jS-naphthol to this solution 
gives a red precipitate. 

8. From a consideration of the following statements tell in each case the groups to which the 

unknown does not belong: 

(a) 0 and H were found. The compound is a liquid, completely soluble in water. 

(b) C and H were found. The compound burns with a smoky flame, is quickly oxidized 
by permanganate solution. It is a liquid. Sodium does not affect it. 

(c) C, H, and N were found. The compound is a liquid. It gives ammonia when 
warmed with alkali. 

(d) C and H were found. The compound, a solid, is unaffected by hot nitric acid. 

SPECIFIC IDENTIFICATIONS 

1. A neutral water-soluble liquid organic compound contains the elements C, H, and O. It 
reacts with sodium, liberating hydrogen gas, and forming a solid derivative. This solid 
compoimd treated yviih. ethyl iodide gives a liquid, very sparingly soluble in water, hav- 
ing a boiling point of 34.5**. What is the original compound? 
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A certain compound contains the elements C, H, and N. It is a liquid soluble in water. 
It reacts with acids, anhydrides, etc. The compound formed with acetyl chloride has 
the formula CsHnON. Nitrous acid reacts with the compound, yielding nitrogen gas. 
Write the possible structural formulas for the original compound. 

3. An organic liquid which contains C, II, and O has a characteristic odor, and is but sparingly 

soluble in water, giving a neutral solution. Warmed for some time with sodium hydrox- 
ide solution, tlie substance goes completely into solution. From this reaction mixture, a 
liquid is obtained, having a neutral reaction and a rather prominent but not disagreeable 
odor. Its boiling point is 137.9® and its acetyl derivative boils at 147.6®. Suggest to 
what class the original compound belongs, and the means necessary for its complete 
identification. 

4 . The substance butyric acid was given a student for identification. State in outline form 

the steps by which it was tentatively identified. What derivatives might be prepared 
for the complete identification of this substance? 

5. A liquid of sharp unpleasant odor is completely soluble in water. It contains C, U, and O. 

Concentrated sodium hydroxide solution when warmed with the compound gives a 
reddish, gum-like precipitate. The compound easily reduces Fehling’s solution and 
ammoniacal silver nitrate. To what class may the substance belong? What deriva- 
tives would you seek to prepare for the complete identification of the compound? 

6. A certain solid, colorless hydrocarbon reacts well with sulfuric acid, nitric acid, or bromine. 

Its compound wnth picric acid has a melting point of 150..5®. What is the substance? 

7. An organic hydrocarbon is easily acted upon by nitric or sulfuric acids. Its boiling point is 

110.5°. Upon oxidation, a solid is produced whose melting point is 121.7®. This solid 
dissolves very .sparingly in water (cold), but quite readily in sodium hydroxide solution. 
What is the original hydrocarbon? 

8. A liquid of aromatic odor contains C, H, and O. It reduces ammoniacal silver nitrate 
* solution and reacts with sodium bisulfite solution. The boiling point of the substance is 

179.5°. With ammonia, a white .solid is secured, wdiose melting point is 101°. Describe 
the further stops nece.s.sary for the identification of the compound. 

9. A liquid of pleasant odor is practically insoluble in water; the solution is neutral. The 

substance is insoluble in sodium hydroxide .solution, but after w'arming for some time it 
passes into solution. When this solution is acidified, a solid (A) whose melting point is 
121.7®, is secured. The solid (A) reacts with pho.sphorus pentachloride giving a liquid 
product (B), of unplea.sant odor. (Compound (B) with aniline gives a solid, whose 
melting point is 161®. The .sodium hydroxide solution also yields a liquid product (C), 
whose boiling point is 78.5®. The substance (C) is .soluble in water, giving a neutral 
solution. It gives the iodoform test. Acetyl chloride reacts with (C), giving a liquid, 
whose boiling point is 77.1°. What is the original substance? 

10. An organic liquid contains C, H, and O. Its odor i.s agreeable. The substance is Insolu- 

ble in water, but dissolves in cold concentrated sulfuric acid, from which it is recovered 
upon treatment with ice-water. The boiling point is 61.4°. When distilled with 
hydriodic acid, two halogen compounds are formed whose boiling points are 72.2® and 
102.4®, respectively. What is the original compound? 

11. The compound, a white solid, melts at 130~5®C. wdth decompG.dtion, liberating carbon 

dioxide. It is an acid with neutralization equivalent of 52 ± 1. Its decompo.sition 
product boils at 118° and has a neutralization equivalent of 60. 

12. The compound is a colorless liquid, boiling point, 154°C. It is insoluble in water, soluble 

in ether, and in concentrated sulfuric acid. When heated with concentrated HI .solu- 
tion, compounds (A) and (B) are formed. Characteristics of (A) : m.p., 42°, colorless, 
soluble in water and in NaOH solution; gives purple color with FeClg solution; with 
bromine-water gives a solid, m.p., 95°. Characteristics of (B); b.p., 42®C.; gives Beil 
stein test; gives an a-naphthalide of m.p., 160®. 
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13. The compound (C, H, N) is a colorless gas of ammoniacal odor. It Ls soluble in water and 

in dilute HCl solution. It forms a picrate, yellow crystals, melting at 215°C. Phenyl 
isothiocyanate gives a derivative with m.p. of 113°C. 

14. The compound (C", H) is a liquid with a pungent odor, b.p., 96®. It is soluble in water and 

in ether; it decolorizes bromine-water or KMn ()4 solution. The compound reacts with 
metallic sodium or with acetyl chloride; it does not respond to the iodoform test. 
Phenyl isocyanate gives a derivative with m.p. of 70®. 

REVIEW QUESTIONS 

1. What analytical reactions are shared by phenols and aliphatic saturated primary alcohols? 

2. How may an aliphatic ether be distinguished from an aliphatic saturated hydrocarbon? 

3. By what sequence of tests would an ammonium salt of a saturated monocarboxylic acid be 

recognized? 

4. A certain compound is known to have the formula C 9 H 10 O 3 . When oxidized it gives 

phthalic acid. Write all possible structures for the original compound. 

5. Write equations showing the formation of the thioalcohol derivatives (a) and (b) on page 

779 from 3,5-dinitrobenzoyl chloride and 3-nitrophthalic anhydride respectively. 

6. Suggest suitable derivatives for use in the identification of the following compounds: 

(a) Ethylbenzene. 

(b) Benzamide. 

(c) Butyraldehyde. 

(d) Aniline. 

(e) Methylamine. 

7. What chemical and physical properties of the following compounds would be useful in 

finding for each its proper chemical series? 

(a) Acetone. 

(b) o-Toluidine. 

(c) Hexane. 

(d) Butyl ether. 

(e) SJ-Hexene. 

8. A certain compound being analyzed reacted with sodium giving, evidently, hydrogen. 

The student thereupon concluded that it was an alcohol. What criticism can you offer? 

9. State clearly how to distinguish each of the following compounds from the other compound 

listed, (a) Bromobenzene and n-hexyl bromide; (b) Aniline and phenol; (c) Benzoic 
acid and naphthalene; (d) Picric acid and phenol; (e) Acetamide and ammonium acetate; 

(f) Urea and succinimide; (g) Phthalic anhydride and cinnamic acid; (h) Paraldehyde 
and «-caproic aldehyde. 

10. Give definite directions for the separation of the following mixtures. No substance is to be 
destroyed in the separation, (a) Nitrobenzene, aniline, ethyl ether; (b) Acetic acid, 
ethyl alcohol, ethyl acetate; (c) Aniline, ethylanilinc, acetophenone; (d) Acetone, acetic 
acid, benzene, methyl alcohol; (e) Anisole, o-cresol, aniline. 
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Atomic Weights 


(1943) 


Aluminum . . , 
Antimony . . . 

Arsenic 

Barium ..... 

Boron 

Bromine 

Calcium 

Carbon 

Chlorine 

Chromium . . , 

Copper 

Fluorine 

Hydrogen . . . 

Iodine 

Iron 

Lead 

Magnesium. . 
Manganese. . 
Mercury .... 

Nickel 

Nitrogen . . . 

Oxygen 

Phosphorus. . 
Potassium . . . 

Silver 

Sodium 

Sulfur 

Tin 

Zinc 


. A1 

29.97 

. Sb 

121.76 

. As 

74.91 

. Ba 

137.36 

. B 

10.82 

. Br 

79.916 

. (’a 

40.08 

. C 

12.010 

. C] 

35.457 

. Cr 

52.01 

. Cu 

63.57 

. F 

19.00 

. H 

1.0080 

. I 

126.92 

. Fe 

55.85 

. Pb 

207.21 

. Mg 

24.32 

. Mn 

54.93 

. Hg 

200.61 

. Ni 

58,69 

. N 

14.008 

0 

16.0000 

. P 

30.98 

. K 

39.096 

• Ag 

107.880 

. Na 

22.997 

. S 

32.06 

. Sn 

118.70 

. Zn 

65.38 


Flow Sheets of Industrial Syntheses* 

On the following pages flow .sheets are shown for: petroleum refining, production of alcohol, 
butanol and acetone, glycerin, cellulose nitrate, cellulose acetate, coal tar products, nitro- 
benzene, aniline, indigo. 


* From Process IndvMries Flow Sheets and Data Book, by permission of the publishers* 
McGraw-Hill Publishing C;)ompany. See also Process Industries Pictured Flow Sheets^ Chem. 
and Met. £ng., 1942. 
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BUTANOL FLOW SHEET 



Fig. 107. 
















Fig. 109. 
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COAL TAR FLOW SHEET 



Nd^kthalene 









Fig. 112. 
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Abhreviation^9, ft = reference to a footnote, t = reference to a table or chart. 


A 

Abietic acid, 630 
Absolute alcohol, 98 
Absolute ether, 1 24 
Absorption, of carbohydrates, 758 
of fats, 759 
of proteins, 761 

Accelerator, vulcanization, 468, 624ft 
Acenaphthene, 598 
Acenaphthenequinone, 598 
Acetal, 144 

Acetaldehyde, 66, 102, 135t, 139. 190, 659 
Acetaldehyde-ammonia, 142 
Acetaldehyde bisulfite, 141 
Acetaldehyde cyanohydrin, 239 
Acetaldehyde semicarbazone, 273 
Acetamide, 189, 23()t 
as a solvent, 230 
Acetamide-boron fluoride, 229 
Acetanilide, 465 
model of, 646a 
Acetarsone, 604 
Acetic acid, 163t, 170t, 172t, 230t, 496t, 540t 
electronic structure of, 172 
formulas of, 16, 169, 171 
glacial acid, 173 
from malonic acid, 254 
model of, 169 
preparation of, 164 
structure of, 167 
uses of, 180 

Acetic anhydride, 191, 194t, 2S0t 
model of, 256a 
Acetoacetanilide, 681 
Acetoacetic acid, 211 

decomposition of, 211, 760 
Acetoacetic ester, see ethyl acetoacetate 
Acetobromoamide, 306 
Acetone, 102, 167 

condensation to mesitylene, 158 
flow sheet for, 790 
identification of, 153 


Acetone, preparation of, 138 
tautomerism of, 157 
Acetone-bisulfite compound, 153 
Acetfme bodies, 760 
Acetone cyanohydrin, 153 
Acetone phenylhydrazone, 153 
Acetonitrile, 164, 228, 284, 296t 
hydrolysis of, 164 
model of, 256a 
reduction of, 285 
structure of, 284 
Acctonylacetone, 159 
Acetophenone, 492, 544t, 554, 578 
Acetophenone oxime, 544t 
Acetophenone phenylhydrazone, 153, 544t 
Acetoxime, 153 
Acetoxymercuribenzenc, 607 
Acetylacetone, 614 
Acetylation, 193 
Acetyl chloride. 187, 194t. 230t 
Acetylcholine, 314 
Acetylene, 63-68, 67t, 404, 626 
preparation of, 64 
properties of, 63 
reactions of, 65 
structure of, 64 
uses of, 68 
Acetyl ene-d 2 , 67 
Acetylene dibromide, 84t 
Acetylene dichloride, 66, 84t 
Acetylene tetrachloride, 66 
Acetylglycolic acid, 240 
Acetylides, 66 
Acetylketene, 291 
Acetylmethylcholine cJiloride, 314 
Acetyl nitrate, 194, 444 
Acetyl nitrite, 194 
Acetyl radical, 186 
Acetylsalicylic acid, 528 
Acetyl sulfate, 194 
Acetylurea, 273 
Achroodextrins, 377 
Acid albuminate, 713 
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Acid amides, see amides 
Acid anhydrides, 190-194 
alcoholysis of, 192 
ammonolysis of, 193 
hydrolysis of, 192 
identification of, 777 
mixed types of, 192 
preparation of, 191 
reactions of, 192 
types of, 194 
uses of, 193 

Acid chlorides, 186, 192 
alcoholysis of, 189 
ammonolysis of, 189 
hydrolysis of, 188 
identification of, 777 
preparation of, 187 
properties of, 187 
reactions of, 188 
reduction of, 190 
type formula of, 186 
uses of, 193 
Acid derivatives, 165 
Acid dyes, 676 
Acid group, action of, 766 
Acid halides, see acid chlorides 
Acidosis, 799 

Acids, aliphatic, 162-179, 249-266 
dicarboxylic, 249-266 
dicarboxylic unsaturated, 262 
monocarboxylic saturated, 162-179 
acetoacetic ester synthesis of, 211 
esterification of, 201flP 
functional groups of, 169 
Grignard synthesis of, 574 
halogen-substituted, 233-287 
heats of combustion of, 167 
identification of, 776 
ionization constants of, 170 
ketones from, 138 
malonic ester synthesis of, 258 
nomenclature of, 173 
preparation of, 163, 211, 574, 578 
properties of, 163 
reactions, 165 

reactions, discussion of, 167 
strength of, 171 
type formula of, 162 
uses of, 180 

monocarboxylic unsaturated, 179, 214 
from amino acids, 245 
from hydroxy acids, 241 


Acids, substituted, 233-247 

amino acids, 166, 242-247, 
for details see amino acids 
halogen acids, 166, 233-237, for details 
see halogenated acids 
hydroxy acids, 166, 237-242, for 
details see hydroxy acids 
Acids, aromatic, 520-541, 578 
dicarboxylic, 532-540 
identification of, 776 
monocarboxylic, 520-532 
preparation of, 520, 574 
properties of, 520 
reactions of, 523 
strength of, 538 
Acridine, 654, 655t 
Acridine dyes, 691 
Acriflavine, 700 
Acrolein, 158, 323, 652 
Acrose, 364 
Acrylate resins, 505 
Acrylic acid, 179 
Acrylic aldehyde, 135t, 158 
Active hydrogen, test for, 571 
Acyclic compounds, 799 
Acylating agents, 193 
Acylation, 799 
Acyl cyanides, 189 
Acyl halides, see acid chlorides 
Acyl radical, 186 
Adamkiewicz reaction, 723 
Adams, R., biography and portrait, 711 
Adamsite, 606 
Addition, to acetylene, 66 
to aldehydes, 140ff 
of hydrogen bromide, 56 
of hypohalous acids, 56, 109 
to olefins, 55, 56 
peroxide effect in, 56 
of sulfuric acid, 56 
Addition polymerization, 504 
Adenine, 649 

Adipic acid, 249t, 252, 257t, 613 
Adjective dyes, 676 

Adkins, H., biography and portrait, 729 

Adrenaline, 741, 746t, 758 

Aerosol, O. T., 220 

Agar-agar, 379 

Agarex, 379 

Agarol, 379 

Aglucon, 735ft 

Agricultiural waste, use of, 6 

Alanine, 244, 714t, 716, 763 



Alanylglycine, 7£6 

Albuminoids, 712 

Albumins, 712 

Alcohol, see ethyl alcohol 

Alcoholates, 98ft 

Alcohols, aliphatic, 98-1 18, 574 

monohydroxy, saturated, 98-107 
alkyl halides from, 102 
association of, 126 
benzoylation of, 524 
classification of, 94 
dehydration of, 58, 54 
dehydrogenation of, 137 
electronic structure of, 115 
esters from, 20 Iff 
ethers from, 101, 123 
Grignard synthesis of, 572 
heats of combustion of, 117 
identification of, 773 
nomenclature of, 103 
oxidation of, 102 
preparation of, 96-100 
primary, 95, 572 
properties of, 95 
reactions of, 100-103 
secondary, 95, 572 
tertiary, 95, 573 
uses of, 107 

monohydroxy, unsaturated, 112 
polyhydroxy, 107-112 
Alcohols, aromatic, 491-495, 572, 573, 574 
Alcoholysis, 799 

of acid chlorides, 189 
of anhydrides, 192 
of esters, 204 
of ethylene oxide, 128 
of phosgene, 260 
Aldehyde-ammonia, 142 
Aldehyde cyanohydrin, 142 
Aldehyde oxime, 142 
Aldehyde phenylhydrazone, 142 
Aldehyde resin, 148 
Aldehydes, aliphatic, 134-159 
saturated, 134-152 

condensations with, 142, 148 
enolization of, 145 
identification of, 774 
nomenclature of, 134 
oxidation of, 140 
preparation of, 136 
properties of, 135 
reactions of, 139-152 
reduction of, 139 


m 

Aldehydes, aliphatic, saturated, structure of, 
139, 145 
tests for, 152 
type formula for, 134 
uses of, 158 
unsaturated, 158 
Aldehydes, aromatic, 544-554 
condensations with, 549 
Friedel-Crafts synthesis of, 546 
identification of, 548 
oximes of, 544t, 548 
preparation of, 545, 578 
properties of, 544 
reactions of, 546 
Aldohcxoses, 346, 347 
Aldoketenes, 291 
Aldol, 148 

Aldol condensation, 148, 150, 155, 156, 208, 
550, 551 

Aldonic acids, 356ft 
Aldopentoses, 346 
structure of, 367 
Aldose, 344 

Aldoses, change to epiniers, 358 
change to ketoses, 355 
degradation of, 353 
from ketoses, 356 
oxidation of, 353 
projection formulas of, 346 
reduction of, 353 
synthesis of, 364 
Aldoximes, 142 
Aldrich, 741 
Algol dyes, 695 
Alicyclic compounds, 610-620 
Aliphatic compounds, aryl derivatives of, 406 
Alizarin, 615, 692 
structure of, 692 
synthesis of, 692 
Alizarin lake, 615 
Alkadienes; 60 
Alkali albuminate, 713 
Alkaloidal reagents, 658 
Alkaloids, 658-670 
definition, 658 
identification of, 779 
properties of, 658 
Alkamines, 315 
Alkanes, 22-49 

detection of, 44 
graphic formulas of, 28-31 
heats of combustion of, 68 
isomerism of, 28 


INDEX 



830 


INDEX 


Alkanes, nomenclature of, 86 
preparation of, 26 
reactions of, 31 
uses of, 25 
Alkenes, 49-60 

chemical properties of, 50 
identification of, 771 
isomerism of, 59 
nomenclature of, 58 
oxidation of, 55 
ozonolysis of, 57 
polymerization of, 57 
preparation of, 53 
properties of, 49 
reactions of, 55 
type formula of, 49 
uses of, 60 
Alkoxidcs, 101 
Alkoxy, 104 
Alkyd resins, 505 
Alkylating agents, 83, 200, 442 
Alkyl cyanides, 284-287 
Alkylene oxides, 127 
Alkyl group, action of, 764 
Alkyl halides, 75-84 

hydrolysis of, 81 
identification of, 772 
nomenclature of, 76 
preparation of, 78 
primary, 76 
properties of, 76 
reactions of, 81 
reactivity of, 83 
secondary, 76 
tertiary, 76 
uses of, 90 

Alkyl radicals, 34, 71 
Alkyl sulfides, 130 
Alkynes, 63-68 

preparation of, 64 
reactions of, 65 
salts of, 66 
type formula of, 64 
Allonal, 275 
Allose, 346 
Alloxan, 280 
Allyl acetate, 113 
Allyl alcohol, 112, 250 
Allyl bromide, 90 
Allyl chloride, 57 
AUylene, 67t 
Allyl isothiocyanate, 293 
Allyl mustard oil, 293, 469 


Allyl sulfide, 122t, 131 
Altax, 624ft 
Altrose, 346 
Alypin, 670 
Aiiieripol, 625t 
Amides, aliphatic, 226-230 
effect of lieat, upon, 255 
hydrolysis of, 227 
identification of, 778 
nomenclature of, 226 
preparation of, 227 
properties of, 226 
roactiens of, 227 
versus amines, 312 
Amides, aromatic, 524 
enolization of, 524 
Amidines, 276 
Amido group, 226ft 
Amidol, 510 
Amination, 460ft 
Amine bases, action of heat, 312 
Amines, aliphatic, 301-318 
saturated, 301-313 
acetylation of, 310 
basicity of, 302, 303t 
(iabriel synthesis of, 537 
identification of, 310 
nomenclature of, 302 
occurrence of, 302 
preparation of, 303, 468, 537 
primary, 301 
properties of, 302 
reactions of, 308 
secondary, 301 
tertiary, 301 
versus amides, 312 
unsaturated, 313 
Amines, aromatic, 456-476 
identification of, 441 
preparation of, 459 
properties of, 458 
reactions of, 462, 468 
types of, 456, 457 
Amino acids, 242-247 * 
acetylation of, 5^ 
acid chlorides of, 726 
chemistry of, 715 
deamination of, 761 
decarboxylation of, 762 
essential, of proteins, 721 
formol titration of, 715 
indispensable, of proteins, 721 
ionization of, 245 
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Amino acids, of proteins, 71 6 
preparation of, 244, 721 
properties of, 714 
reactions of, 244 
zwitterions of, 245, 714 
Aminoazobenzene (p), 484 
Aminobenzoic acids, 526, 530t, 540t, 751 
amides of, 530t 
Aminobutanol (2,1), 299t 
Amino group, 226ft 

detection of, 193 
Aminohydroxybutyric acid, 717 
Aminohydroxyglutaric acid, 718 
Arninohydroxypropionic acid, 717 
Aminomethyltliiolbutyric acid, 717 
Amino nitrogen, estimation of, 715 
Aminophenol («0» 509 
Aminophenol (p), 447, 473, 702t 
Aminophenols, 509 
Aminophcnylpropionic acid, 718 
Aminopropionic acid, 716 
Aminosalicylic acid, 485 
Ammino-boron fluoride, 229 
Ammonia, 303t, 71 4t 
Ammonium hydroxide, 303t 
Ammonium salts, action of heat, 311 
Ammonolysis, 799 

of acid anhydrides, 193 
of acid chlorides, 189 
of carbonates, 261 
of chlorobenzene, 459 
of chlorocarbonates, 261 
of esters, 206 
of ethylene oxide, 315 
of halogen acids, 244 
of phosgene, 261 
Amprene, 625t 
Araygdalin, 546, 736 
Amyl acetate, 199, 21 2t, 635t. 637t 
Amylacetylene, 67t 
Amyl alcohol (m), 96t 
Amyl alcohols, 104t 
Amylamines, 303t 
Amylases, 740 
Amyl bromide (n), 78t 
Amyl butyrate, 21 2t, 635t 
Amyl chloride (n), 78t 
Amylene (f?), 49t 
Amyl fluoride (n), 78t 
Amyl formate, 21 2t 
Amyl iodide (n), 78t 
Amyl nitrate, 212t 
Amyl nitrite, 199, 21 2t 


Amylodextrin, 377 
Amylopsin, 757 
Amyloses, 377 
Amylphenol (<er<), 508 
Amyl propionate, 21 2t 
Amyl radical, 34 
Amyl salicylate, 637t 
Amyl sulfide, 114 
Amylthiopentane, 114 
Amyl valerate, 21 2t, 035t 
Amytal, 275 
Anabasine, 660 
Analgesic, 799 

Analysis, o-rn-p mixture, 416 
qualitative, 8 
quantitative, 10 
Androgenic hormones, 743 
Androsterone, 743, 746t 
Anesthesin, 668 
Anesthetic, 799 

Anesthetics, 60, 68, 85, 90, 121, 615 
local, 154, 665fr 
Anethole, 553 
Angstrom unit, 799 
Anhydrides, see acid anhydrides 
Aniline, 447, 458t, 500, 702t 
chart of reactions, 474 
flow sheet for, 795 
preparation of, 459 
reactions of, 462, 468 
salts of, 464, 469 
test for, 471 
Aniline black, 471 
Anilines ulfonic acids, 469 
Anils, 468 

Animal starch, 379, 758 
Anionotropy, 210ft 
Anisaldehyde, 553, 636t 
Anisole, 498 
Anodyne, 799 
Anthocyanidins, 702 
Anthocyanins, 702, 737 
Anthracene, 419, 589-593 
nomenclature, 592 
picrate of, 590 
reactions of, 593 
structure of, 590 
Anthradiol, 596 
Anthragallol, 595 
Anthrahydroquinone, 596 
Anthranilic acid, 450, 526, 537, 694 
Anthranol, 596 



882 INDESC 


Anthraquinone, 593-696, 737 
structure of, 504 
test for, 596 

Anthraquinone dyes, 692, 703t 

Anthraquinone vat dyes, 695, 703t 

Anthrol, 596 

Antifebrin, 465 

Antiknock fuel, 42 

Antimony compounds, aromatic, 606 

Antioxidants, 513 

Anti oximes, 549, 558 

Antipyretic, 799 

Antipyrine, 486, 644 

Antirachitic compounds, 753ft 

Antiseptic, 799 

Antiseptics, 85, 107, 220, 440, 668, 698 
Antispasmodio, 799 
Apomorphine, 664 
Arabinose, 346, 3701 
Arachidic acid, 21 5t, 2161 
Arago, 331 
Arbutin, 736 
Arginine, 278, 7X4t, 717 
Argol, 264 
Aristol, 508, 630 
Armstrong, H. K., 395 
Aromaticity, 409ft 
Arrhenal, 322 
Arsacetin, 603 
Arsanilic acid (p), 602 
Arsenic compounds, aliphatic, 321 
aromatic, 602ff 
Arsenobcnzene, 602 
Arsenophenylglycinc, 603 
Arseno-stibino compounds, 607 
Arsenoxide, 606 
Arsines, 321 
Arsonation, 602 
Arsphenamine, 603 
Artichoke, 7, 379 
Artificial camphor, 630, 633 
leather, 382 
musks, 446 
Arylalkanols, 580 
Aryl amines, see amines 
Aryl derivatives of aliphatic compounds, 406 
Aryl halides, 427 
Aryl radicals, 421, 805 
Ascorbic acid, 751 
Aseptol, 502 
Aspartic acid, 714t, 718 
Aspirin, 528 


Association, of acetic acid, 168 
of acids, 168, 174 
of alcohols, 127 
of formic acid, 174 
of water, 127 
Astringent, 799 
Asymmetric carbon atom, 333 
Asymmetric synthesis, 340, 358 
Atabrine, 662 
Atom, key, 75, 94 
Atomic kernel, 14 
Atomic number, 13 
Atomic spacing, hydrocarbons, 69 
Atomic structure, review, 12 
Atomic weights, 787 
Atophan, 662 
Atoxyl, 602 
Atropine, 664 % 

Auramine O, 686 
Aurine, 686 

Aurintri carboxylic acid, 653 
Auto-oxidation, 217, 546 
Auxins, 651, 745 
Auxochromes, 674 
Avertin, 107, 146 
A-X-F plastics, 507 
Azelaic acid, 216, 249t 
Azeotropic solution, 98 
Azine dyes, 690, 703t 
Azobenzene, 447, 448 
Azo compounds, 485 

identification of, 778 
Azo dyes, 678-682, 703t 
Azoxybenzene, 447, 448 

B 

Bactericide, 799 

Baekeland, L. IL, biography and portrait, 497 
Baeyer, A., 55, 280, 365, 395, 610 
biography and portrait, 243 
Baeyer reagent, 55 
Baeyer strain theory, 610 
test, 55 
Bakelite, 503 
Bamberger, E., 586 
Banting, F. G., 743 
Barbier, P. A., 569 
Barbituric acid, 274, 280 
Bart reaction, 602 
Bases, 126 
Basic dyes, 676 
Baumann, E., 524 
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Bayliss, L. E., 741 
B^hamp» 602 

Beckmann rearrangement, 558 
Beeswax, 222 
Behenic acid, 21 5 1 

Beilstein, F. K., biography and portrait, 279 
test, 9, 772 
Benzaiacetone, 551 
Benzalaniline, 548 
Benzal bromide, 428t 
Benzal chloride, 428t, 547 
Benzaldehyde, 491, 544t, 636t, 053 
identification of, 548 
oxime of, 544t, 548 
preparation of, 545 
reactions of, 546 

Benzaldehyde phenylhydrazone, 5441, 548 

Bcnzaldoximes, 549 

Bcnzamide, 524, 530t 

Benzanilide, 524, 558 

Benzanthrone, 577, 696 

Benzedrine, 742, 746t 

Benzene, 404t, 698t 

aryl derivatives of, 406-408 
formulas of, 394-398 
homologs of, 401, 405 
importance of, 393 
octane number, 42t 
oxidation of, 409 
physiological action of, 411 
preparation of, 403 
properties of, 400 
reactions of, 409 
reduction of, 409 
source of, 400 
structure of, 394 
substitutions of, 410 
Benzene-de, 411 
Benzenearsonic acid, 602 
Benzenediamines, 475 
Benzenediazohydroxide, 481 
Benzenediazonium chloride, 467, 479 
Benzenediazonium hydroxide, 480 
Benzenediols, 512 
Benzene hexachloride, 410 
Benzene homologs, 401, 405, 575 
halogen derivatives of, 431 
preparation of, 405 
reactions of, 411 
Benzenesulfonaniide, 439 
Benzenesulfonic acid, 404, 437 
structure of, 437 
Benezenesulfonyl chloride, 439 


Benzenethiol, 501, 574 

Benzenetriols, 514 

Benzenoid ring, 395, 560 

Benzenyl chloride, 422, 428t, 431, 522 

Benzidine, 473, 679, 680, 681 

Benzil, 550 

Benzilic acid, 550 

Benzylideneacetone, 551 

Benzil oximes, 560 

Benzofuran, 650 

Benzohydrol, 557 

Benzoic acid, 440, 491, 520ff, 530t, 540t 
Benzoic anhydride, 525 
Benzoic sulfinide, 376t. 527 
Benzoin, 550 

Benzoin condensation, 549 
Benzonitrile, 440, 521 
Benzophenone, 544t, 557, 578, 636t 
Benzophenone dichloridc, 558 
Benzophenone oxime, 544 1, 558 
Benzophenone phenylhydrazone, 544t 
Benzopurpurin, 679ft 
Benzopyrene (1,2), 599 
Benzopyrrole, 650 
Benzoquinone (o), 562 
Benzoquinone (/>), sec quinonc 
Benzothiophene, 650 
Benzo trichloride, 422, 428t, 431, 522 
Benzoylbenzoic acid (o), 594, 702t 
Benzoyl chloride, 522, 523 
Benzoylformie acid, 556 
Benzoyl hydrogen peroxide, 525, 546 
Benzoyl peroxide, 525 
Benzyl acetate, 492 
Benzyl alcohol, 432, 491, 637t 
Benzylamine, 432, 458t, 462 
Benzyl benzoate, 493, 636t 
Benzyl bromide, 428t, 492, 606 
Benzylcellulose, 383 

Benzyl chloride, 428t, 491, 522, 523, 545, 592 

Benzyl chloroformate, 726 

Benzyl cyanide, 531 

Benzylideneaniline, 548 

Benzylidene bromide, 428t 

Benzylidene chloride, 428t, 547 

Benzylidyne chloride, 422, 428t, 431, 522 

Benzyl iodide, 428t 

Benzylmagnesium bromide, 432 

Benzyl radical, 422 

Bergius, F., biography and portrait, 669 
process, 42 

Bergmann synthesis, peptides, 726 
Bertheim, A., 603 
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Berthelot, M. P. E., 

Berzelius, J. J., 292, 332 
Best, C. H., 743 
Betaine, 246 

Bifunctional compounds, 75, 93, 152, 241 
Biot, J, B., 332 
Biotin, 753 

Biphenyl, 411, 420, 484 

Biphenyl compounds, isomerism of, 420 

Biphenylene oxide, 654 

Biphenylene sulfide, 654 

Bismarck brown, 679, 703 1 

Biuret, 271 

Biuret reaction, 271, 723 
Bleaching powder test, 471 
Blomstrand, C. W., 480 
Blueprint paper, 266 

Bogert, M. T., biography and portrait, 563 
^ Boiling points, list of, 808ff 
Bond, coordinate, 127, 614 
covalent, 14 
electrovalent, 14 
hydrogen, 127 
polar, 14 

Books, reference, 797 
Borneol, 630 
Borneol acetate, 633 
Bornyl chloride, 633 

Boron fluoride, reaction with ammonia, 229 
synthesis with, 229 
Braconnot, H., 716ft, 752 
Branched-chain compound, 31 
Brasilein, 701 
Brasilin, 701 
Brazil wood, 701, 7051 
Bredt, C. J., 632 
Brilliant green, 698fl 
Bromoacetamide (N), 306 
Bromoacetanilide {p), 466 
Bromoacetic acid, 172t 
Bromoacetone, 323 
Bromoaniline (p), 466 
Bromobenzene, 428t 
Bromobenzyl bromide (o), 590, 597 
Bromobenzyl cyanide, 606 
Bromobutane (1), 78t 
Bromoethane, 78t, 80 
Bromoethylene, 84t 
Bromoform, 84t 
Bromoheptane (n), 78t 
Bromohexane («), 78t 
Bromomethane, 78t 
Bromobetane (n), 78t 


Bromopentane (n), 78t 
Bromopentanoic acid (4), 235 
Bromopropanes, 78t 
Bromopropene-3, 90 
Bromopropionic acid (a), 234 
Bromopropionic acid (^), 235 
Bromotoluenes, 428t 
Bromphenol blue, 690 
Bromural, 230 
Brucine, 662 
Bubblfil, 383 
Buchercr reaction, 516 
Buchner, E., 738 
Buna S, 625t 
Bunsen, H. W., 322, 406 

biography and portrait, 77 
Butadiene (1,3), 62 
model of, 256a 
polymerization of, 62, 625 
Biitanals, 135t 
Butane (n), 25t, 26 
Biitanediol (1,4), lilt 
Butanes, 30 
Butanes, models of, 31 
Butanetctraol, lilt 
Butanetriol, lilt 
Butanoic acid, 163t 
Butanol, flow sheet for, 790 
Butanols, 104t 
Butenandt, 743, 745 
Butene- 1, 49t 
Butesin, 668 
Butesin picrate, 668 
Butoxybutane, 122t 
Butter yellow, 678, 703t 
Butyl acetate, 212t 
Butylacetylene, 67t 
Butyl alcohol (n), 96 1, 99, 790 
Butyl alcohol (tert), 54 
Butyl alcohols, 104t 
Butylamines, 303t 
Butyl bromide (n), 78t 
Butyl butyrate, 212t 
Butyl cellosolve, 122t, 128 
Butyl chloride (»), 78t 
Butyl chloride 102 

Butyl citrate, 266 
Butylene (n), 49t 
Butylene glycol, 62 
Butyl ether, 122t 
Butyl formate, 21 2t 
Butyl iodide (n), 78t 
Butyl iodide (tert), 80 
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Butylmethylacetylene, 67 1 
Butyl nitrate, Stlit 
Butyl nitrite, 21 2t 
Butylphenol (tert), 508 
Butyl propionate, 212t 
Butyl radicals, 34 
Butyl rubber, 625 1, 626 
Butyl tetryl, 475 
Butyl valerate, 21 2t 
Butyn, 668 
Butynes, 67t 
Butyraldehyde (n), 135t 
Butyraldehyde (iso), 135t 
Butyramide, 230t 

Butyric acid, 1631, 170t, 215t, 2301 
Butyric acid, model of, 170 
Butyric anhydrides, 194t, 230t 
Butyrolactarn (7), 245 
Butyrolactone (7), 241 
Butyryl chlorides, 194t, 230t 

C 

Cacodyl, 322 
("acodyl chloride, 322 
Cacodyl ic acid, 322 
('acodyl oxide, 322 
Cadaverine, 315, 762 
Caffeine, 649 
Calciferol, 752 
Calcium carbide, 64 
C^alcium cyanamide, 295 
(Calcium stearate, 219 
Calorie, 799 
Camphane, 629 
Camphor, 631 

Camphor, artificial, 630, 633 
Camphoric acid, synthesis, 631 
Camphoric anhydride, 632 
Canaline, 720 
Canavanine, 720 

Cancer-producing hydrocarbons, 599 
Cane sugar, 371, 3721, 376t 
Cannizzaro, S., 150, 491, 548 
biography and portrait, 177 
Caoutchouc, 624 
Capric acid, 163t, 215t, 230t 
Capric amide, 230t 
Capric anhydride, 230t 
Caproamide, 2301 

Caproic acid, 168t. 170t, 215t, 230t, 347 
Caproic aldehyde, 135t 
Caproic anhydride, 230t 


Caprokol, 513 

Caproyl chloride, 194t, 230t 
Capryl chloride, 194t 
Caprylic acid, 163t, 215t, 230t 
Caprylic aldehyde, 135t 
Caprylic amide, 230 1 
Caprylic anhydride, 230t 
Captax, 624ft 
Caramel, 374 
Carane, 629ft 
Carbamic acid, 246 
Carbamide, see urea 
Carbazole, 655, 655t 
C^arbinol, 103 
Carbitol, 122t, 128 
Carbobenzoxy group, 726 
Carbocyclic compounds, 419 
Carbodithioic acids, 181, 574 
Carbohydrases, 740 
Carbohydrates, 343-386, 385t 
absorption of, 758 
classification of, 343 
digestion of, 757 
identification of, 777 
metabolism of, 758 
Carbolic acid, see phenol 
Carbon, analysis for, 10 
test for, 8 

Carbon atom, asymmetric, 333 
divalent, 288 
primary, 32, 76 
secondary, 32, 76 
tertiary, 32, 76 
Carbon black, 33 

Carbon chain, lengthening of, 27, 148, 164, 
235, 284, 312, 354, 572 
nature of, 39 

shortening of, 28, 312, 355 
Carbon disulfide, test for, 324 
Carbonic acid, 170t, 260, 496t 
Carbon suboxide, 292 
Carbon tetrabroraide, 84t 
Carbon tetrachloride, 79, 84t, 86 
Carbon tetrafluoride, 84t 
Carbon tetraiodide, 84t 
Carbonyl chloride, 85, 190, 260, 261 
Carbonyl group, 134 
Carboxyl group, 162 
Carbylamine reaction, 287, 311 
Carbylamines, 287 
Carius analysis, 10 
Carnauba wax, 222 
Carotene, 748 
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Carothers, W. H., 615ft 
Carriers, 86ft 
Carvacrol, 508 
Casein. 712, 714t 
Casinghead gasoline, 42 
Catalase, 740 
Catechol, see pyrocatecliol 
Celanese, 383 
Cellobiose, 372t, 375, 376t 
Cellophane, 383 
Cellosolves, 122t, 128 
Celluloid, 382 
Cellulose, 379 

reactions of, 380 
structure of, 380 
Cellulose acetates, 194, 382 
flow sheet for, 793 
Cellulose esters, 381 
Cellulose ethers, 383 
Cellulose nitrates, 381 

flow sheet for, 792 
Cellulose xanthate, 380, 383 
Cerotic acid, 222 
Ceryl cerotate, 222 
Cetyl alcohol (n), 96t 
Cetyl paluiitate, 222 
Chain isomerism, 327 
Chart, acetaldehyde, 151 
for acetic acid, 182 
for acetylene, 70 
for alcohol, 106 
for alkyl halides, 89 
for aniline, 474 
for aromatic radicals, 422 
for benzene, 412 
for carbohydrate hydrolysis, 385 
for diazo compounds, 487 
for ethyl alcohol, 106 
for ethylene, 61 

for maleic and fumaric acids, 263 
for nitrobenzene, 451 
for substitutions, 317 
Chaulmoogric acid, 617 
Chelate compounds, 614 
Chemigum, 625t 
Chemotherapy, 763, 799 
Chevreul, M. E., biography and portrait, 35 
Chinese wax, 222 
Chloral, 141, 146 
Chloral hydrate, 141 
Chloramine T, 440 
Chloranil, 562 
Chloretone, 154 


Chlorex, 129 

Chlorination, of acids, 233 
of benzene, 410 
of benzene homologs, 431 
of methane, 33 
Chloroacetaldehyde, 146 
Chloroacetic acid. 172, 172t, 235 
Chloroacetone, 157 
Cbloroacetophenone, 556, 606 
Chlorobenzaldehydes, 544t 
oximes of, 544t 
phenylhydrazones of, 544t 
Chlorobenzene, 428t, 500 
Cblorobenzoic acids, 527, 530t, 540t 
amides of, 530t 
Chlorobutane (n), 78t 
Chlorobutanol, 154 
Chlorocarbonates, 260 
Chloroethane, 78t, 79 
Chloroethylene, 84t 
Chloroform, 79, 84t, 85. 146, 157, 175 
Chloroformates, 260 
Chloroheptane (n), 78t 
Chlorohexanc (n), 78t 
Chloromethane, 78t, 79 
Cbloromethyl chloroformate, 323 
ChloroOctane (n), 78t 
Chloropentane (/i), 78t 
Chlorophenols, 51 It 
Chlorophyll, 703 
Chloropicrin, 323 
Chloroprene, 626 
Chloropropanes, 78t 
Chloropropionic acids, 172t 
Chlorosuccinimide (N), 256 
Chlorosulfonic acid, 439 
Chlorotoluenes, 428t, 702t 
Cholesterol, 752 
Choline, 314 
Chromogens, 673 
Chromophores, 673 
Chromoproteins, 712 
Chromotropic acid, 675 
Chronological tables, 385, 705, 800 
(!^hrysaniline, 692 
Chrysene, 598 
Chrysoidine, 678, 703t 
Cinchonine, 661 
Cinchoninic acid, 662 
Cincophen, 662 
Cinnamic acid, 531, 550 
Cinnamic aldehyde, 544t, 551, 552, 636t 
oxime of, 544t 
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Cinnamic aldehyde, phenylhydrazone of, 
544t 

Cinnamyl alcohol, 498, 6361 
Cis, 263 

Cis-trans isomerism, see isomerism 
Citral, 623, 634 
Citric acid, 265 
Citronellal, 623 
Citronellol, 623 
Citrulline, 720 
Claisen, L., 208 
Claus, benzene formula, 395 
Cline, J. K., 749 
Clupanodonic acid, 215t 
Coagulated proteins, 710, 713 
Coal, distillation products of, 401 
Coal tar, 400, 401t, 698t 
flow sheet for, 794 
Coal tar industry, history of, 401 
Cocaine, 665, 767 

substitutes for, 666-670 
Codeine, 663 
Coenzymes, 739 
Coke, 26 

Coke, petroleum, 26 
Collagen, 712 
Collodion, 382 
Colophony, 630 
Color bases, 685 
Color, cause of, 672 

relation to structure, 673 
Combustion, heats of, 68, 69, 117, 167 
Complex proteins, 712 
Compound, branched-chain, 31 
straight-chain, 31 

Conant, J. B., biography and portrait, 729 
(Condensation, 149 

acetoacetic ester, 208 
aldol, 148, 208 
benzoin, 549 
benzoylbenzoic acid, 594 
mesitylene, 157 
Condensation polymers, 504 
Condensed compounds, 419 
heterocyclic, 648ff 
Congo red, 679 
Coniine, 659 

Conjugated double bonds, 62 
Conjugation, 62 
Constitutional formula, 16 
Contributions of organic chemistry, 5 
Codrdinate valence, 127, 131, 614 
Co^lymerization, 504 


Copper acetylide, 66 
Copper phthalocyanine, 697 
Cordite, 382 

Corresponding compound, 79ft, 164ft 

Corticosterone, 742 

Coumarin, 532, 636t, 637t, 653, 655t 

(Coumarone, 650, 6551 

Couper, A. S,, biography and portrait, 207 

Coupling reaction, 485 

Covalency, 14 

Cracking, 41, 54 

Crafts, J. M., biography and portrait, 307 

Cream of tartar, 264 

Creatine, 277 

Creatinine, 278 

Creosote oil, 400 

Cresol (o), 495. 51 It 

Oesol (rw), 51 It 

Cresol (/)), 496, 51 It 

Cresols, 494, 51 It 

Crisco, 217 

Cross esterification, 204 
Cross linking, 503 
Crotonaldehyde, 135t, 148, 158 
Crotonic acid, 235 
Crudes for dyes, 674 
Crum Brown-Gibson rule, 414 
Crystal violet, 685 
C^uprammonium Rayon, 380ft 
Cuprous acetylide, 66 
Cyanamide, 286, 295, 296t 
hydrolysis, 295 
Cyanic acid, 290, 296t 
Cyanide process, 287 
Cyanides, 284 
Cyanidin chloride, 702 
Cyanoacetic acid, 172t, 235, 251 
Cyanogen, 250, 294, 296t 
Cyanogen bromide, 286, 296 1 
Cyanogen chloride, 286, 296t, 323 
Cyanohydrins, formation of, 142, 153 
of sugars, 354 
Cyclic anhydrides, ,254 
Cyclic esters, 241 
Cyclic ethers, 127 
Cyclic imides, 255 
Cyclic ketones, 616, 617 
Cyclic sugars, 359 
Cyclization, 404 
Cycloalkanes, 410. 610-620 
Cyclobutane, 616, 620t 
Cyclobutylcarbinol, 617 
Cycloheptane, 620t 
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Cyclohexadiene, 409 
Cyclohexane, 42t, 409, 617, 620t 
Cydohexanol, 499 
Cyclohexene, 409 
Cyclol pattern, proteins, 730 
CydoOctane, 620t 
CycloOctatetrcne, 398 
CycloparaflSns, 410, 610-620 
Cyclopentane, 616, 620 1 
Cyclopropane, 615, 620t 
Cymene (p), 634 
Cysteine, 717 
(Vstine, 714t, 717 
("ytosine, 647 

D 

D and L compounds, 336, 344 

Daphnia magna, 767 

Deamination, arnino acids, 761, 763 

Decahydronaphthalenes, 6 1 4 

Decalin, 589, 614 

Decane (n), 25t 

Decanoic acid, 163t 

Decarboxylation, amino acids, 762 

Decene-1, 49t 

Decyl alcohol (rt), 96t 

Decylene (n), 49t 

Degradation of carbon chains, 28„ 312, 355 
of sugars, 355 

Dehydration of ethanol, 53, 123 
of formic acid, 176 
of glycerol, 158 
of hydroxy acids, 240 
of malic acid, 262 
of malonic acid, 292 
of pentoses, 354 
Dehydrocamphoric acid, 632 
Dehydrogenases, 740 
Dehydrogenation, alcohols, 137 
Delphinidin chloride, 703 
Denaturants, 98 
Denaturation, proteins, 710 
Denatured alcohol, 98 
DepoljTnerization, 57 
Depsides, 529 

Derivation of compounds, 804 
Derived proteins, 713 
Desmotropy, 210 
Desoxyben^in, 550 
Detergents, new, 220 
Detonators, 292, 479ft 
Detoxication, 761 


Deuterioacetic acid, 172t 
Deuterioacetylene, 67 
Deuteriobenzenes, 411 
Deuterioethane, 44 
Deuteriom ethane, 44 
Deuterium, 41 It 

Deuterium compounds, 43, 67, 256, 363ft, 411 

Deutero acids, 172t, 256 

Dcuteroammonium hydroxide, 303t 

Developers, 510, 513 

Dewar benzene formula, 395 

Dextrins, 376 

Dextrose, 347 

Diacetarnide, 226 

Diacetone alcohol, 156 

Diacetyl ortho nitric acid, 444 

Diamines, aliphatic, 315 

aromatic, 449, 456, 458, 473, 475 
Diaminocaproic acid (a, e), 718 
Diaminotriphenylmethaiie, 552 
Diamylamine, 303t 
Diamyl ketone, 136t 
Diastase, 97, 376 
Diastereoisorners, 340 
Diazoaminobenzene, 484 
Diazoates, 481 
Diazo compounds, 479-488 

chart of reactions of, 487 
preparation of, 479 
reactions of, 482-487 
structure of, 480 
Diazonium salts, stabilized, 681 
structure of, 480 
Diazo prints, 682 
Diazo reaction, scope of, 488 
Diazo salts, 480 
Diazotates, 481 
Diazotization, 479 
Dibasic acids, see dicarboxylic acids 
Dibenzalacetone, 551 
Dibenzanthracene, 599 
Dibenzofuran, 654, 655t 
Dibenzophenazine, 598 
Dibenzopyridine, 654 
Dibenzopyrone, 654 
Dibenzopyrrole, 655, 655t 
Dibenzothiophene, 654, 655t 
Dibromobenzenes. 428t 
Dibromoethanes, 84t 
Dibromoindigo (6,6')» 695 
Dibromomethane, 84t 
Dibutylamines, 303t 
Dibutyl ketone, 136t 
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Dicarboxylic acids, aliphatic, 249-266 
eflfect of heat upon, 254 
ionization constants of, 257t 
nomenclature of, 252 
preparation of, 250 
properties of, 249 
reactions of, 253 
strength of, 256 
uses of, 249 

Dicarboxylic acids, aromatic, 418, 530t, 532, 
538, 540t 

Dicarboxylic acids, unsaturated, 262 
Dichloramine T, 440 
Dichloroacetaldehydc, 146 
Dichloroacetic acid, 172t 
Dichlorobenzenes, 428t 
Dicblorobutane (1,4), 643 
Dichlorodiethyl ether, 122t, 129 
Dichlorodiethyl sulfide, 122t, 132 
Dichlorodifluoromethane, 79 
Dichloroethane (1,2), model of, 256a 
Dichloroethanes, 84t 
Dichloroethylene, 88 
Dichloromethane, 79, 84t 
Diels-Alder reaction, 618 
Dienes, 60-63 

Diene synthesis, see Diels-Alder 
Diethylamine, 303t, 304 
Diethylaniline, 458t 
Diethyl barbituric acid, 274 
Diethylene glycol, 109, 122t, 128 
ether of, 128 
Diethylene oxide, 128 
Diethyl ketone, 136t 
Diethyl malonate, see Malonic ester 
Diethyl oxalate, 253 
Diethyl phthalate, 533, 534, 637t 
Diethylstilbestrol, 744 
Diethyl sulfate, 200 
Diethylzinc, 325 
Digallic acid, 629 
Digestion, of carbohydrates, 757 
of fats, 759 
of proteins, 760 
Diglycolic acid, 241 
Digly colic anhydride, 241 
Diheptyl ketone, 136t 
Dihexyl ketone, 136t 
Dihydric phenols, 512-514 
Dihydroanthracene, 590 
Dihydrobenzene, 409 
Dihydronaphthalene, 589 
Dihydroxybenzenes, 512 


Dihydroxybenzoic acids, 540t 
Dihydroxybutane (1,4), lilt 
Dihydroxycamphoric acid, 632 
Dihydroxy hexane (1,6), lilt 
Dihydroxypentane (1,5), lilt 
Dihydroxyphenylalanine, 720 
Dihydroxyslearic acid (9,10), 216 
Dihydroxytriphenylmethane, 552 
Diiodobenzenes, 428t 
Diiododithymol, 508, 630 
Diiodoethanes, 84t 
Diiodomethane, 84t, 85 
Diketene, 291 
Diketopiperazine ring, 725 
Dimer, 57 

Dimethylacetic acid, 172t 
Dimethylacetylene, 67t 
Diinethylamine, 3031, 468 
Dimethylami noazobenzene, 485, 678 
Dimethylaniline, 458t, 462, 472, 562, 678, 
702t 

Dimethylbutane (2,2), 42t 
Dimethylheptenol, 569 
Dimethylketcnc, 291 
Dimethyl ketone, 1361 
Dimethyhnagnesium, 569 
Dimethylmercury, 325 
Dimethyl nitrosamine, 311 
Dimethylphosphinic acid, 322 
Dimethyl sulfate, 200, 323 
Dinitrobenzenes, reactions, 449 
Dinitrochlorobcnzene (2,4), 702t 
Dinitrophcnol (2,4), 449, 495, 496t, 502 
Dinitrophcnol (2,6), 449 
Diolefins, 60-63 
Dioxane, 122t, 128 
Dioxindole, 693 
Dipentene, 628, 634 
Dipeptides, 725 
Diphenic acid, 597 
Diphenic anhydride, 697 
Diphenyl, see biphenyl 
Diphenylacetylene, 408 
Diphenylamine, 468t, 461 
Diphenylaminechloroarsine, 606 
Diphenylchloroarsine, 606 
Diphenylcyanoarsine, 606 
Diphenylethane, 407, 576 
Diphenyl ether, see phenyl ether 
Diphenylethylene, 408 
Diphenyliodonium hydroxide, 435 
Diphenylmercury, 607 
Diphenyknethane, 406, 576 
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Diphenylmethane dyes, 686 
Diphenylnitrosamine, 473 
Diphenylthiourea, 468 
Dippel oil, 642 
Dipropargyl, 394 
Dipropylamines, 303t 
Dipropyl ketone, 136t 
Direct black E W, 680, 703t 
Direct dyes. 676, 679 
Directing power, groups, 416 
Disaccfaarides, 369-375 
reducing, 370 
Disazo dyes, 679ft 
Disinfectant, 799 
Disulfides, 115, 731 
Diterpenes, 622 
Ditliio acids, 181, 574 
Dithiocarbonic acid, 323 
Dithymol diiodide, 508, 630 
Diuretic, 799 

Divalent carbon atom, 288 
Divinylacetylene, 67, 626ft 
Divinyl ether, 130 
Djenkolic acid, 720 
Docosane (w), 25t 
Doctor solution, 41, 115 
Dodecane (n), 25t 
Dodecanoic acid, 163t 
Dodecanoyl chloride, 230t 
Dodecene-1, 49t 
Dodecyl alcohol (n), 96t 
Dodecylene (n), 49t 
Doisy, E. A., 743 
Double bonds, 52 

conjugated, 62 
shift of, 553, 636 
test for, 55 

Double-salts, 459, 464 
Dowtherm, 498 
Dreft, 221 

Drugs, alteration in body, 766 
physiological action of, 763 
simplification of, 766 
Dry ice, 98 
Drying agents, 202ft 
Diying oils, 216t, 217 
Dulcin, 376t, 511 
Dulcitol, lilt 

Dumas molecular weight method, 12 
nitrogen analysis, 10 
Durene, 404t 
Durez, 508 

Du Vigneaud, V., 758 


Dyeing, theory of, 697 
Dye intermediates, 675, 698t, 702t 
Dyes. 672-706, 703t 
acid, 676 
acridine, 691 
adjective, 676 
algol, 695 

anthraquinone, 692, 703t 
vat. 695, 703t 
azine, 690, 703t 
azo, 678-682, 703t 
basic, 676 

classification of, 676, 677 
developed, 681 
diphenylmethane, 686 
direct, 676, 679 
genesis of, 674 
Hansa, 681 

historical data for, 705 
indanthrene, 695 
indigoid, 695 
ingrain, 677, 680 

intermediates for, 675, 698t, 702t 

mordant, 676, 701 

natural, 700, 705t 

nitro, 509, 588 

nitroso, 687 

originals for, 674 

oxazine, 690, 691 

phthalcin, 688 

phthalocyanine, 697 

polygenetic, 677 

pyrazolone, 687, 703t 

rhodamine, 688 

stilbene, 687 

substantive, 676 

sulfonephthalein, 690 

sulfur, 696 

thiazine, 690, 691, 703t 
triphenylmethane, 682-686, 703t 
union, 676 
uses of, 698 
vat. 677, 698 
Dynamite, 200 
Dypnone, 557 

£ 

Ecgonine, 666 
Edestan, 713 
Edestin, 712 
Egg albumin, 712 

Egloff, G., biography and portrait* 099 
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Ehrlich, P., 603 

biography and portrait, 397 
Eicosane (w), 25t 
Eijkman, C., 746 
Elastin, 712 
Elastomers, 625t 
Electrolytic reduction, 448 
Electron, 13ft 

Electronic formulas, see electronic structure 
Electronic structure, acetic acid, 172 
alcohols, 115, 172 
ammonia, 125, 309 
ammonium hydroxides, 309 
ammonium salts, 309 
atoms H to A, 13t 
boron fluoride, 229 
chloroacetic acid, 172 
cyanide ion, 288 
ether, 125 
ethylene, 52 
ethyl sulfide, 131 
isocyanides, 288 
methane, 23, 24 
methyl bromide, 115 
nitriles, 288 

quaternary ammoniinii bases, 309 
'Electrons, valence, 13 
Elements, tests for, 8 
Emetic, 799 
Empirical formulas, 11 
Emulsin, 740 

Enanthic acid, 163t, 170t, 230t 
Enantiomorphs, 331, 333 
Enol, 145 

Enolization, of acetoacetic tester, 209 
of aldehydes, 145 
of diethyl malonate, 258 
of ketpnes, 157 
of nitro compounds, 453 
Enzymes, 737-741 
as catalysts, 738 
classification of, 739 
crystalline, 738 
factors affecting activity, 739 
uses of, 740 
Eosin, 689, 703t 
Ephedrine, 742, 746t 
Epimerization, 358 
Epimers, 345 

Epinephrine, 741, 746t, 758 
Epoxy ethane, 122t 
Epoxypropane, 122t 
Equations of organic chemistry, 82 


Erepsin, 740 
Ergosterol, 752 
Erlenmeyer, E., 586 

biography and portrait, 143 
Enicic acid, 21 5 1 
Erythritol, lilt 
Erythrodextrin, 377 
h'rythronic acid, 242 
Erythrose, 846, 370t 
Essential amino acids, 721 
Essential oils, 622 
Esterases, 740 
Ester gum, 507 
Esterification, 102 
Esters, aliphatic, 197-213 

aldol condensation of, 208 
of cellulose, 381 
identification of, 775 
mechanism of formation, 197, 202 
nomenclature of, 205 
occurrence of, 198 
preparation of, 201-205, 574 
properties of, 212 
reactions of, 205 
uses of, 198 
Esters, aromatic, 524 
inorganic, 199 
Estradiol, 744 
Estragole, 554 
Estriol, 744, 746t 
Estrogenic compounds, 599, 743 
Estrone, 743, 746t 
Et, 36 

Etard reaction, 545 
Ethanal, 66, 102, 135t, 139, 190, 659 
Ethane, 25t, 27, 29, 42t, 55. 81 
Ethanc-do, 44 
Ethanediol (1,2), lilt 
Ethanesulfonic acid, 115 
Ethanethiol, 113 
Ethanethiolic acid, 181 
Ethanoic acid, 163t 
Ethanol, see Ethyl alcohol 
Ethanolamine, 315 
Ethanoyl chloride, 186, 187ft 
Ethene, see ethylene 
Ether, 101, 121, 122t 
absolute, 124 

electronic structure of, 125 
peroxides of, 126 
preparation of, 1 23 
properties of, 121 
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Ether, reactions of, 124 
Etherates, 570 

Ethers, aliphatic, 121-130, 574 
association of, 126 
identification of, 775 
oxonium compounds of, 125 
Ethers, aromatic, 498, 574 
Ethers, cellidose, 383 
Ethers, cyclic, 127 
Ethers, mixed, 124 
Ethers, simple, 124 
Ethoxy, 104 
Ethoxybutane, 122t 
Ethoxy ethane, 122t 
Ethoxy hexane, 122t 
Ethoxypropane, 122t 
Ethyl acetate, 189. 201, 212t, 230t. 635t, 637t 
Ethyl acetoaeetate, 208-212 
model of, 256a 
preparation of, 208, 292, 614 
reactions of, 210, 486, 616 
tautomerism of, 209 
Ethylacetylene, 67t 

Ethyl alcohol. 81. 96t. 107, 125, 137, 496t 
absolute, 98 
dehydration of, 53, 123 
denatured, 98 
electronic structure, 171 
flow sheet for, 789 
model of, 94 
oxidation of, 136 
preparation of, 96 
reactions of, 100 
structure of, 93 
test for, 86 

as water derivative, 93, 805 
Ethylamine, 228, 285, 294, 303t, 304, 653 
Ethyl aminobenzoates, 530t 
Ethylaniline, 458t 

Ethylbenzene, 404t. 405, 408, 432, 576 

Ethyl benzenesulfonatc, 439 

Ethyl benzoate, 524, 530t, 637t 

Ethyl bromide, 78t, 80 

Ethyl bromoacetate, 323 

Ethyl butyl etJier, 122t 

Ethyl butyrate, 21 2t, 230 1 

Ethyl caprate, 230t 

Ethyl caproate, 230t 

Ethyl caprylate, 230t 

Ethyl carbamate, 261 

Ethyi carbonate, 261 

Ethylcarbylamine, 287, 311 

Ethylcellulose, 383 


Ethyl chloride, 78t, 79 
Ethyl chlorocarbonate, 260 
Ethyl chloroformate, 260 
Ethyl cyanide, 296t 
Ethyldichloroarsine, 323 
Ethylene, 42t, 49t, 82 

electronic formula of, 52 
preparation of, 53, 54 
properties of, 49 
reactions of, 50, 55 
structure of, 50 
uses of, 60 

Ethylene bromide, 53, 55, 66, 84t, 87 
Ethylene chloride, 50, 84t, 88 
Ethylene chlorohydrin, 56, 109, 112 
Ethylene compounds, 49-60 
Et h ylenediam ine, 315 

Eth>lene glycol, 55, 87, 108, lilt, 128, 376t 
acetates of, 110 
ether of, 128 
Ethylene iodide, 84t 
Ethylene oxide, 112, 122t, 128, 204 
Ethyl ether, see ether 
Ethyl fluid, 88 
Ethyl fluoride, 78t 
Ethyl formate, 212t, 230t 
Ethyl gas, 326 
Ethyl heptylate, 230t 
Ethyl hexyl ether, 122t 
Ethyl hydrogen sulfate, 53, 56, 97, 123, 125, 
200 

Ethylidene bromide, 66, 84t 

Ethylidene chloride, 84t 

Ethylidene diacetate, 204 

Ethylidene iodide, 84t 

Ethyl imidoacetate, 230 

Ethyl iodide, 50, 54, 56, 78t,-80, 102, 124 

Ethyl isocyanate, 288, 296t 

Ethyl isocyanide, 287, 296t 

Ethyl isothiocyanate, 296t 

Ethyl laurate, 230t 

Ethylmagnesium bromide, 83 

Ethyl mercaptan, 113 

Ethylmercuric chloride, 325 

Ethylmethylacetylene, 67t 

Ethylmethylamine, model of, 256a 

Ethylraethylurethan, 290 

Ethyl mustard oil, 296t 

Ethyl nitrate, 199, 21 2t 

Ethyl nitrite, 199, 21 2t 

Ethyl nitrobenzoates, 530t 

Ethyl orthocarbonate, 261 

Ethyl orthoformate, 169 
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Ethyl oxalate, 253 
Ethyl oxamate, 253 
Ethyl pclargonate, 230t 
Ethyl phthalates, 530t 
Ethyl propionate, 212t, 230t 
Ethylpropylacetylene, 67t 
Ethyl propyl ether, 122t 
Ethyl propyl ketones, 136t 
Ethyl radical, 34 
Ethyl salicylate, 530t 
Ethyl sulfate, 200 
Ethyl sulfide, 130 
Ethyl sulfone, 130 
Ethylsulfonic acid, 115 
Ethyl sulfoxide, 130 

Ethylsulfuric acid, 53, 50, 07, 123, 125, 200 

Ethyl thioacelate, 114 

Ethyl thiocyanate, 293, 29(it 

Ethyl toluates, 530 1 

Ethyltoluenes, 404t 

Ethylurea, 270 

Ethylurethan, 261 

Ethyl valerate, 21 2t, 230t 

Ethylvanillin, 554 

Ethyl vinyl ether, 145 

Ethylzinc iodide, 325 

Ethyne, see acetylene, 

Eucaines, 667 
Eugenol, 553, 636t 

Evans, W. L., biography and portrait, 579 
Exhaustive methylation, 643 
Explosive compound, 201 
Explosives, 108, 109, 112, 152, 199, 200, 273, 
277, 452, 475, 479ft 
External compensation, 338 
Extraction, 121 

F 

Faraday, M,, 393 

biography and portrait, 35 
Fats, 213-218 

absorption of, 759 
acids in, 214, 215t 
analysis of, 217 
chemistry of, 216 
digestion of, 759 
formulas of, 213, 214 
hydrogenation of, 217 
metabolism of, 760 
preparation of, 214 
properties of, 214 
structure of, 214 


Fatty acids, 162-179 
Febrifuge. 799 
Fehling’s solution, 140, 264 
Female hormones, 743, 746t 
Fermentation, acetone by, 139, 790 
alcohol by, 97 
butyl alcohol by, 99 
citric acid by, 7, 2(>6 
lactic acid by, 7, 242 
of sucrose, 372 
Fermentation enzymes, 740 
Ferric chloride, color with phenols, 514 
Fibroin, silk, 71 4t 
Fieser, L. F., 98 
Fire damp, 22 

Fischer. E., 280, 362, 364, 367, 531, 683, 727 
biography and portrait, see frontispiece 
Fischer, H., 704 

biography and portrait, 619 
Fischer, O., 683 
Fisher-IIirschfelder models, 29 
Fittig, R., 405, 408. 585 

biography and portrait, 243 
Fixing agent, 677 
Flavonol, 737 
Flavors, synthetic, 635 
Flower pigments, 701, 737 
Flow sheets, industrial syntheses, 787-796 
Fluoran, 689 
Huorenc, 419, 420 
Fluorescein, 689 
Fluorobenzeiie, 428t 
Fluoroethane, 78t 
Fluoroform, 84 1 
Fluoroheptane (n), 78t 
Fluoromethane, 78t 
Fluoroikjtane (n), 78t 
Fluoropentane (n), 78t 
Fluoropropane, 78t 
Foods, heat values of, 762 
interchangeability of, 762 
Formaldehyde, 32, 135t, 503 
photosynthesis with, 365 
preparation of, 32, 137 
reactions of, 150, 364, 503 
structure of, 139 
tests for, 152 
Formalin, 137 
Formamide, 230t 

Formic acid, 163t, 170t, 173, 180, 230t, 540t 
Formic anhydride, 192 
Formin, 150 
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Formol titration, 715 
Formonitrile, 174, 9tS5 
Formose, 147 

Formulas, constitutional, 16 

derivation of, for aldoses, 344 
electronic, see electronic structures 
empirical, 11 
graphic, 15 
molecular, 10 

oxygen and nitrogen compounds, 316 
projection, 24, 336, 337 
structural, 16 
type, 34 

Formyl chloride, 187 
Forrayldiphenylamine, 654 
Frankland, E., 325 

Franklin, E. C., biography and portrait, 497 
Free radicals, aliphatic, 407 
aromatic, 405, 406 
in Wurtz-Fittig reaction, 405 
Freon, 79 

Freund reaction, 615 
Friedel, C., biography and portrait, 207 
Friedel-Crafts reaction, 405, 406, 407, 522, 
575-580 

yFries reaction, 555 
Fructosazone, 352 
Fructose. 350-352, 370t, 370t 
dihydrazone of, 352 
furanose form of, 362 
phenylhydrazone of, 351 
pyranose form of, 362 
reactions of, 351 
structure of, 350 
Fruit sugar, 350 
Fuchsin, 685 
Fuels, heat values, 68 
Fugitive dyes, 672 
Fulminic acid, 292, 296t 
Fumaric acid, 262 
Fumigants, 88, 90, 133, 147, 190 
Fumigation, 799 
Functional group, 75 ^ 

Functions, 75, 94 
Funk, C., 746 

Furaldehyde, 354, 641, 654^686 
Furan, 362, 641, 655t 
Furanose ring, 361, 362 
Furfural, see furaldehyde 
Furoic acid, 641, 655t 
Fustic, 705t 


G 

Gabriel reaction, 537 
Galactose, 346, 352, 362, 370t, 376t 
Galalith, 507 
Gallic acid, 514, 529 
Galloylgallic acid, 529 
Galyl, 604 
Gambinc Y, 687 
Gamma lactone, 361 
Gardcnal, 274 
Gardinol, 221 
Gasoline, 26, 40 
refining of, 41 
Gasoline, natural, 42 
Gattermann, L., 483, 546 

biography and portrait, 463 
Gattermann-Koch reaction, 578ft 
Gelatin, 714t 
General equation, 82 
Genetic relations, acetaldehyde, 151 
acetic acid, 182 
acetylene, 70 
alcohol, 106 
alkyl halides, 89 
aniline, 474 
benzene, 412 
diazo compounds, 487 
ethylene, 61 

hydrocarbon radicals, 422 
nitrobenzene, 451 
Geneva system, nomenclature, 36 
Geometrical isomerism, see isomerism 
Geranial, 623 
Geraniol, 623, 627 
Gerhardt, K. F., 123 
Germicide, 799 
Gibson, J., 414 

Gilman, H., biography and portrait, 765 
Glacial acetic acid, 173 
Gliadin, wheat, 712, 714t 
Globulins, 712 
Glossary, 799 
Gluconic acid, 347 
Glucosazone, 349 
Glucose, 346, 347-350, 370t, 376t 
a and ^ forms of, 361 
furanose form of, 362 
photosynthesis of, 365 
pyranose form of, 361 
reactions of, 348 
ring structures of, 361 
structure of, 347 
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Glucose, uses of, 347 
Glucose dihydrazone, 349 
Glucose phenylhydrazone, 349 
Glucosides, 362, 735 ff 
structure of, 363 
Glucosone, 350 
Glucuronic acid, 759 
Glutamic acid, 714t, 718 
Glutaric acid, 24?t, 257t, 612 
Glutathione, 731 
Glutelins, 712 
Glulenin, wheat, 712, 714t 
Glycemia, 758 
Glyceric acid, 238, 242 
Glyceric aldehyde, 344, 345 
Glycerides, 213 
Glycerin, see glycerol 
Glycerol, 109, lilt, 218, 250, 376t 
' ^ers of, 218 
flow sheet for, 791 
Glycerol chlorohydrins. 111 
Glycerol monoformate, 175 
Glycerol monoxalate, 175, 250 
Glycerol trinitrate. 111, 200 
Glycerol tii stearate, 218 
Glycerose, 364 
Glyceryl trinitrate. 111, 200 
Glycine, 714t, 716 
Glycine anhydride, 245 
Gly cocoll, sec glycine 
Glycocyamine, 277 
Glycogen, 379, 758 
Glycogenesis, 758 
Glycogenolysis, 758 
Glycol, 108, lilt 

Glycolic acid, 110, 172t, 238, 242, 350 

Glycolic aldehyde, 110 

Glycolic anhydride, 242 

Glycolic lactide, 240 

Glycolide, 240 

Glycol monoacetate, 204 

Glycols, 108 

Glycoproteins, 712 

Glycosides, 735 

function of, 736 
identification of, 777 
structure of, 735 
Glycosuria, 758 
Glycylglycine, 725 
model of, 256a 
Glyoxal, 110, 652 
Gtyoxalic acid, see glyoxylic add 
Glyoxylic add, 110 


Glyptals, 533 
Gomberg, M., 407 

biography and portrait, 539 
Graebe, C., 692 

biography and portrait, 335 
Grape sugar, 347 
Graphic formulas, 15 
Grignard, V., biography and portrait, 591 
reaction, 83, 432, 522, 569, 607 
reagents, 27, 83, 569 
Guaiacol, 513 
Guanidine, 262, 276 
Guanidoacetic acid, 277 
Guanine, 649 
Gulland, *1. M., 664 
Gulose, 346, 370t 
Gum acacia, 379 
Gum arabic, 379 
(ium tragacauth, 379 
Guncotton, 382 
Gunpowder, 201 

H 

H acid. 676, 702t 
Halazone, 440 
Haller, A., 631 

Ilaloform reaction, 144, 147, 156 
Ilaiogenated acids, 233--237 
nomenclature of, 233 
preparation of, 233 
reactions of, 235 
uses of, 237 

Halogenation, of alkanes, 33, 78 
of benzene, 410 
of benzene homologs, 431 
Halogen carriers, 86ft 
Halogen compounds, aliphatic, 75-90 
preparation of, 78, 87 
reactions of, 81 
reactivity of, 83 
types of, 75 
uses of, 90 

Halogen compounds, aromatic, 427-434 
preparation of, 428 
properties of, 427 
reactions of, 432 
reactivity of, 433, 434 
uses of, 434 

Halogen compounds, polyhalogen, 84, 430 
Halogen compounds, unsaturated, 88-90 
Halogens, analysis for, 10 

physiological action of, 764 
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Halogens, test for, 9 
Halowax, 588 

Hammick-Illingworth rule, 416 
Hansa yellows, 681 
Hantzsch, A., 481 

biography and portrait, 429 
Harington, C. R., 743 
Hausmann, 682ft 
Haworth, W, N., 361ft 
Heat, action on amiuoniuin compounds, 311 
action on dicarboxylic acids, 254 
Heating values, hydrocarbons, 68 
Heats of combustion, for alcohols, 117 
for acids, 1 67 
for hydrocarbons, 68, 69 
Heavy water, 41 It 
Heidelberger, M., 606 
Heller test, 724 

Hell-Volhard-Zelinsky reaction, 234 
Hematoxylin, 701 
Hemiacetal, 144, 146 
Hemicclluloses, 380 
Hernimellitene, 404t 
Hemin, 704 
Hemiterpene, 622 
Hemoglobins, 712 
Hendccanc (n). 25t 
Hendecanoic acid, 163t 
Hendecene-1, 49t 
Hendecyl alcohol (n), 96t 
Hendecylene («), 49t 
Heptadecane (w), 25 1 
Heptaldehyde, 135t 
Heptanal, 135t 
Heptane (w), 25 1, 42t 
Heptanoic acid. 163t, 170t, 230t 
Heptanoyl chloride, 194t 
Heptene*!, 49t 
Heptyl alcohol («), 96 1 
Heptylamide, 230t 
Heptylamine, 303t 
Heptyl bromide (n), 78t 
Heptyl chloride (ri), 78t 
Heptylene (n), 49t 
Heptyl fluoride (w), 78 1 
Heptylic acid, 163t, 170t, 230t 
Heptylic anhydride, 194t, 230t 
Heptyl iodide (w), 78t 
Heptynes, 67t 
Herschel, J. F. W., 331 
Heterocyclic compounds, 640-655 
Hexacosane (n), 25t 
Hexadecane (n), 25t 


Hexadecanoic acid, 163t 
Hexadecene-1, 49t 
Hexadecylene (n), 49t 
Hexahydrobenzene, 409 
Hexamcthylacetonc, 141ft 
Hexainethylbenzene, 404t 
Hexarriethylene, 620t 
llexainethylenc glycol, lilt 
Hexamethylenetetramine, 150 
Ilexanah 135t 
Hexane (a)* 25 1 
Hexanediol (1,6), lilt 
Hexanehcxaol, lilt 
Hexanes, 38 

Hexanitroazobcnzenc, 475 
llexanitrocarbanilide, 475 
Ilexanitrodiphenylamine, 475 
Hexanoic acid, 163t 
Ilexaiioyl chloride, 194t 
Ilexaphenylethane, 407 
Hexene-1, 49t 
Hexone, 159 
Ilexoses, 347-369 
Hexylacetylene, 67t 
Hexyl alcohol (w), 96 1 
llcxylamine, 803t 
Hexyl bromide (a), 78t 
Hexyl chloride (a), 78t 
Hexylene (a), 49t 
Hexyl iodide (a), 78t 
Hexylresorcinol, 513 
Hexyne-1, 67t 
Iim, J. W., 614 
Hinsberg reaction, 441 
Histidine, 714t., 720 
Histones. 712 

Historical data, carbohydrates, 385 
dyes, 705 
general, 800 

Hofmann, A. W., 228, 272, 303, 305, 394, 537, 
682, 694 

biography and portrait, 105 
Hofmann-Martius reaction, 460 
Hofmann rearrangements, 228 
Holocaine, 667 
Ilomatropine, 666 
Homocyclic compounds, 419 
Homologous series, 37, 95 
building down, 312 
building up, 312 
Homologs, 37 
Honey stone, 537 
Hopkins-Cole reaction, 723 
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Hordein, 712 
Hormodin, 651 
Hormones, 741-746 
How to study, 17 
Hudson’s rules, 366 
Hurd, C. 1>., 398 
Hycar, 625t 
Hydnocarpic acid, 617 
Hydrastine, 663 
Hydration, of acetylene, 66 
of alkenes, 97 
of ethylene oxide, 128 
of maleic anhydride, 262 
Hydrazobenzerie, 447, 448, 473 
Hydrazo compounds, identification, 778 
Hydrobenzamide, 549 
Hydrobenzoin, 547 
Hydrocarbons, al icy die, 610 
aliphatic, 22-74 

healing values of, 68 
aromatic, 393-423 
LsomerLsin of, 401 
nomenclature of, 401, 421 
radicals of, 421 
reactions of, 408 
cancer-producing, 599 
by Friedcl- Crafts reaction, 576 
by Grignard reaction, 571 
identification of, 771 
parafiSn type, 22-49 
physiological action of, 764 
saturated, 22-49 
unsaturated, 49-68 

Hydrocyanic acid, see hydrogen cyanide 
Hydroforming, 42 
Hydrogen, analysis for, 10 
primary, 32 
secondary, 32 
tertiary, 32 
test for, 8 
Hydrogenation, 55 
of oils, 217 

Hydrogen bridge, 127, 310, 614 
Hydrogen cyanide, 285, 296t 
Hydrogenolysis, 800 
Hydrolases, 740 
Hydrolysis, 81 

Hydrolysis, of acetoacetic ester, 211 
of acid anhydrides, 192 
of acid chlorides, 188 
of alkyl halides, 81 
of amides, 227 
of amygdalin, 736 


Hydrolysis, of anhydrides, 192 
of aryl halides, 433 
of calcium cyanamide, 295 
of carbohydrates, 385 
of chloral, 237 
of cyanamide, 295 
of esters, 97, 164, 205, 211 
of fats, 217 
of glycosides, 736 
of halogen acids, 238 
of hydrogen cyanide, 286 
of isocyanates, 306 
of isocyanides, 287 
of nitriles, 164, 227, 228, 250, 285 
of nitrosodimethylaniline, 467 
of phthalic anhydride, 533 
of phthalimide, 537 
of pn)teins, 718 
of starch, 376 
of sugars, 385t 
of sulfonic acids, 440 
of urea, 271 
of zinc alkyls, 325 
Ilydroquinone, 51 It, 512 
TTydroxyac(‘tic acid, 242 
Hydroxy acids, aliphatic, 237-242 
preparation of, 238 
reactions of, 239 
Hydroxy acids, aromatic, 528 
Ilydroxyanthrone, 596 
Ilydroxyazobcnzene, 485 
Hydroxybenzaldehydes, 544t 
oximes of, 544 1 
phenylhydrazones of, 544t 
Hydroxy benzene, see phenol 
llydroxybeiizoic acids, 528, 530t, 540t 
amides of, 530t 
Ilydroxybutyric acid (a), 238 
Hydroxybutyric acid (7), 241, 612 
model of, 256a 

Hydroxy cinnamic acid (o), 532 
Hydroxyglutaraic acid, 714t, 718 
Hydroxyhydroquinone, 51 It 
Hydroxyl group, 93, 806 
detection of, 193 
physiological action of, 764 
Hydroxymethylfuraldehydc, 354 
Ilydroxymetliylurea, 504 
Hydroxyproline, 714t, 719 
Hydroxy quinoline (8), 653 
Hydroxytoluenes, 51 It 
Hyoscyamine, 664 
Hyperglycemia, 758 
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Hypnone, 554 
Hypnotic, 800 

Hypnotics. 154, 155, 230, 274 
Hypoxanthine, 648 

I 

Ice colors, 682 

Identification. 144, 181, 760-779 
Identification, of acid anhydrides, 777 
of acid chlorides, 773 
of acids, 776 
of alcohols, 469, 773 
of aldehydes. 144, 774 
of alkaloids, 770 
of alkenes, 771 
of alkyl halides, 772 
of amides, 778 
of amines, 310, 441, 465, 466, 460. 471, 
777 

of anhydrides, 777 
of aryl halides, 773 
of citric acid, 266 
of esters, 775 
of ethers, 775 
of glycosides, 777 
of hydrocarbons, 771, 772 
of ketones, 774 
of nitro compounds, 778 
of phenols, 775 
of proteins, 779 
of sugars, 777 
of tartaric acid, 266 
Identification, review of, 769 
Idose, 346 
Igepons, 221 
Illingworth, W. S., 416 
Imidazole, 645, 655t 
Imido esters, 230 
Imino group, 276ft 
Iminourea, 276 
Indanthrene vat dyes, 695 
Indican, 762 

Indicators, 678, 689, 690, 698 
Indigo, 693, 703t 

flow sheet for, 796 
oxidation of, 693 
synthesis of, 694 
Indigo-white, 695 
Indole, 650, 655t, 693, 762 
Indoleacetic acid, 651 
Indole alkaloids, 662 
Indoxyl, 693 


Ingrain dy<jing, 677 
Ingrain dyes, 680 
Inks, 531 

Inner salts, amino acids, 245, 246 
Inorganic esters, 199 
Inorganic groups, action of, 766 
Inositol, 750 

Institutum Divi Thomae, 752ft 
Insulin, 743, 758 
Internal compensation, 338 
Internal salt formation, 245, 246, 469 
Inulin, 379 

Inversion of sucrose, 372 
Invert sugar, 372, 376t 
In vitro, 800 
In vivo, 800 
Iodine number, 218 
lodoacetone, 156 
lodo acids, 234 
lodobenzenc, 428t 
lodobutane («)> 78t 
lodoethane, 78t, 80 
lodoethylcne, 84 1 
Iodoform, 65, 84t, 86, 146, 157 
mechanism of formation, 156 
test, 86 

lodogorgoic acid, 719 
lodoheptane (a), 78t 
lodohexane (w)» '^8t 
lodol, 042 
lodomethane, 78t 
lodonium compounds, 434 
lodobctane (n), 78t 
lodopentane (n), 78 1 
lodopropanes, 78t 
lodosobenzene, 435 
lodotoluenes, 428t 
lodoxybenzene, 435 

Ionization constants, acids, aliphatic, 170t 
acids, aromatic, 540t 
acids, dicarboxylic, 257t 
acids, substituted, 172t, 540t 
amines, aliphatic, 303t 
amines, aromatic, 458t 
ammonia, 303t 
heterocyclic compounds, 655t 
miscellaneous, 496t 
phenols, 51 It 
lonone, 635 
lonotropy, 210ft 
Ipatieff, V. N., 624 

biography and portrait, 589 
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Irone, 635 

Irvine, J. C,, biography and portrait, 605 

Isatin, 693 

Isatiii chloride, 693 

Isoamyl alcohol, 104t 

Isoamyl butyrate, 637t 

Isobutene, 54 

Isobutylene, 54 

Isobutyraldehyde, 135t 

Iso compounds, 38 

Isocyanates, 289 

identification of, 778 
Isocyanic acid, 289, 296t 
Isocyanides, 287 

identification of, 778 
structure of, 288 
Isodurene, 404t 
Isoelectric point, 715 
Isoeugenol, 553 
Isoleucine, 716 
Isomerism, 15, 292, 327 
chain, 327 

cis^rans, 60, 327, 481, 532, 548, 558 

functional, 327 

geometrical, sec cis-trans 

optical, 329 

position, 327, 402 

r6sum6 of, 327 

structural, 327 

Isomerism of benzene derivatives, 401 
of biphenyl compounds, 420 
of decalins, 614 
of diazotates, 481 
of ethylene compounds, 58 
of ketoximes, 558 
of monoses, 346 
of ring compounds, 618 
Isomerization, 43, 83 
Isonicotinic acid, 646, 655t 
Isonitriles, see Isocyanides 
Isooctane, 42, 43 
Isophthalic acid, 532 
Isoprene, 62, 624, 634 

as building block, 627, 704ft 
Isopropyl alcohol, 154 
Isopropyl bromide, 78t 
Isopropyl chloride, 78t 
Isopropyl ether, 122, 124 
Isopropyl iodide, 78t 
Isopropyl radical, 34 
Isoquinoline, 653, 655t 
alkaloids of, 663 


Isotbiocyanates, 293 
Isothiocyanic acid, 292, 296t 
Isovaleraldehyde, 135t 
I.U.C. nomenclature, 36 

J 

Jacobs, W. A., 606 
Johnson, T. B., 281 

K 

Karrer, P., 749 
Kekult% V. A., 393, 394 

biography and portrait, 177 
Kekule benzene formula, 395 
Kendall, E. C., 743 
Keratin, 712 
Kernel, 14 

Kerosene, heat value, 68 
Ketene, 167, 191, 204 
Ketencs, 290 

Keto-enol tautomerism, 145, 157, 209, 229, 
281, 453, 514, 524, 564, 648 
Keto form, 145 
Ketoketenes, 291 
Ketones, aliphatic, 134-159 
identification of, 774 
nomenclature of, 135 
oxidation of, 153 

preparation of, 138, 166, 211, 573, 578 

properties of, 136 

reactions of, 152-158 

type formula for, 134 

unsaturated, 155, 156 

uses of, 158 

Ketones, aromatic, 554-560, 578 
Ketones, by Friedel-C’rafts reaction, 578 
by Grignard reaction, 573 
Ketose, 344 

Ketoses, change to aldoses, 356 
synthesis from aldoses, 355 
Ketotetrahydrophenanthrene, 599 
Ketoximes, isomerism of, 558 
Key atom, 75, 94 
Key compounds, 418 
Kharasch, M. S., 69 

biography and portrait, 765 
Kiliani reaction, 354 
Kjeldahl analysis, 10 
Knocking, 42 
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Knoop theory, oxidation, 760 

Koch, R., 578ft 

Kolbe, A. W. H., 165, 500 

biography and portrait, 105 
Kolbe-Schniitt reaction, 500 
Komppa, G., 631 
Korner, W., 417, 645 
KOrner orientation method, 417 
Koroseal, 506, 625 1 
Kuhn, R., 748ft, 749 

L 

L acid, 675 

Lacquer, 743 

Lacquers, pyroxylin, 382 

Lacrimators, 157, 286, 323, 427ft 

Lactalbuinin, 712, 714t 

Lactams, 245 

Lactase, 740, 757 

Lacteals, 757 

lactic acid, 238, 239, 242, 334, 759, 763 

Lactides, 240 

Lactoflavin, 749 

Lactol ring, 362 

Lactones, 241, 356 

Lactonitrile, 142 

Lactose, 372t. 374, 376t 

Ladenburg, A., 395, 659 

biography and portrait, 335 
Ladenburg benzene formula, 395 
Lakes, 615 

Langmuir, I., biography and portrait, 669 

Latex, 623 

Laurent, A., 123 

Laurie acid, 163t, 215t, 230t 

Laurie amide, 230t 

Laurie anhydride, 230t 

Lauryl alcohol, 107 

Lauth, C., 685, 691 

Lauth violet, 691 

Lead acetate, 178 

Lead carbonate, 178 

Lead stearate, 178 

Lekther, artificial, 382 

Le Bel, J. A., 333 

biography and portrait, 373 
Lecithoproteins, 712 
Leigh, 394 

Lengthening carbon chains, 27, 148, 164, 235, 
284, 312, 354, 572 
Lengthening sugar chains, 354 
Leucine, 714t, 716, 721 


Leuco bases, 685 
Levulose, see fructose 
Lewis, G. N., 229 

biography and portrait, 605 
Lewisite, 323 
Lieben test, 86 
Liebermann, C. T., 692, 775 

biography and portrait, 357 
Liebig, J. F., 292 

biography and portrait, 51 
Light oil, 400 
Lignin, 379, 554 
Ligroin, 40 
Limonene, 628, 634 
Linolcic acid, 179, 2151, 21 6t 
Linolcnic acid, 179, 2151, 216t 
Linoleum, 217 
Linseed oil, 21 fit 
Lipases, 740 
Lipoproteins, 712 

Lobry de Bruyn transformation, 358 

Logwood, 701, 705t 

Lone pairs, 125, 288 

Lowest number rule, 38, 402 

Lubricating oils, refining of, 41 

Lucite, 180, 285 

Luminal, 274 

Lung injurants, 323 

Lycopene, 627 

Lysine, 7141, 718 

Lysol, 508 

Lyxose, 346, 370t 

M 

Magenta, 685 
Magnesium citrate, 266 
Malachite green, 552, 686 
Male hormones, 743 
Maleic acid, 262, 562 
Malic acid, 262, 265 
Malonic acid, 172t, 249t, 251, 257t, 612 
model of, 256a 
Malonic ester, 257 

derivatives of, 259 
preparation of, 251 
reactions of, 257, 616, 721 
Malonylurea, 274 
Maltase. 740, 757 
Maltose. 372t. 374, 376t 
Malus, 331 
Mandelonitrile, 548 
Mannitol, 111, lilt, 376t 
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Mannose, 346, 352. 362, 370t 
Maptiarsen, 606 
Maquenne, L. G. M., 350 
Markownikofif’s rule, 56 
Marrian, 744 
Marsh gas, 22 
Martius yellow, 588 
Mauve, 682, 691 
Me, 36 

Mecholyl, 314 

Meldola blue, 691 

Mellitic acid, 537 

Melting points, list of, 808ff 

Mendius reaction, 305 

Menthadienes, 628 

Menthane, 628 

Menthol, 630 

Mercaptans, 113 

Mercaptides, 114 

Mercerization, 380 

Mercuration, 607 

Mcrcurochrorae, 608 

Mercurosal, 608 

Mercury acetamide, 229 

Mercury benzoate, 608 

Mercury compounds, aromatic, 607 

Mercury fulminate, 292 

Mercury oleate, 608 

Mercury salicylate, 608 

Mercury succiniraide, 608 

Mcroxyl, 608 

Merthiolate, 608 

Mesitylene, 157, 404t 

Mesityl oxide, 155 

Mesoxalic acid, 280 

Meta, 402 

Metabolism, of carbohydrates, 758 
of fats, 760 
of proteins, 761 
Mctalation, of benzene, 411 
of naphthalene, 589 
Metaldehyde, 147 
Metamerism, 124 
Metamerism, of amines, 302 
of anhydrides, 192 
of esters, 197 
of ethers, 124 
of ketones, 135 
of thio ethers, 130 
Metaphen, 608 
Metaproteins, 713 
Methacrylate resins, 505 
Methanal, 135t 


Methane, 25t 
models of, 29 
occurrence of, 22 
preparation of, 26 
properties of, 24 
reactions, 32 
structure of, 23 
uses of, 25 
Methane-d4, 44 

Methane hydrocarbons, see alkanes 
Methanoic acid, 163t 
Methanol. 96t, 103ft, 107 
preparation of, 98 
Methionine. 714t, 717, 722 
M ethoxy, 104 

Methoxybenzoic acid (o), 764 
Methoxybutane, 122t 
Mcthoxyelhanc, 122t 
M ethoxy methane, 122t 
Methoxypropane, 122t 
Methylacet anilide (N), 465 
Methyl acetate, 21 2t, 230t 
Methylacrylicucid, 180 
Methyl alcohol, see methanol 
Methylarnine, 228, 286, 287, 303t, 306 
Methyl amyl ketone, 136t 
Methylaniline (N), 458t, 461, 473 
Methylanilines, 458t 
Methyl anthraiiilate, 636 1 
Melhylarsin<‘, 321 
Methylarsonic acid, 322 
Methylating agents, 83, 200 
Melhylation of sugars, 363 
Methylbenzene, 401, 404t 
Methyl bromide, 78t 
Methyl butyl ether, 122t 
Methyl butyl ketones, 130t, 211 
Methyl butyrate, 21 2t, 230t 
Methylbutyric acid, 212, 259 
Methyl caprate, 230t 
Methyl caproate, 230t 
Methyl caprylate, 230t 
Methylcarbitol, 128 
Methylcarbylamine, 296t 
Methylccllosolve, 122t, 128 
Methyl chloride, 33, 78t, 79, 85, 312 
Methylcholanthrene, 599 
Methyl cyanide, see acetonitrile 
Methyldichloroarsine, 323 . 

Methylene, 54 
Methylene blue, 691 
Methylene bromide, 84t 
Methylene chloride, 79, 84t 
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Metbylene glycol, 108 
Methylene iodide, 54, 84t, 85 
Methyl ether, 122t, 122 
Methyl ether, model of, 94 
Methyl ethyl ether, 122t 
Methyl ethyl ketone, 136t 
model of, 256a 
Methyl ethyl sulfide, 130 
Methyl fluoride, 78 1 
Methyl formate, 21 2t, 230t 
Methyl glucosides, 363 
Methylheptenone, 569 
Methyl heptylate, 230t 
Methyl hydrogen sulfate, 200 
Methylindole, 651 
Methyl iodide, 78t 
Methyl isobutyl ketone, 159 
Methyl isocyanate, 296t, 306 
Methyl isocyanide, 296t 
Methyl isopropyl ketone, 136t 
Methyl isothiocyanate, 290 1 
Methyl laurate, 230t 
Methyl methacrylate, 285 
Methyl mustard oil, 296t 
Methyl nitrate, 199, 21 2t 
Methyl nitrite, 21 2t 
Methyl orange, 678 
Methyl pelargonate, 230t 
Methylpentane (3), 42t 
Methyl phenyl nitrosaminc, 467 
Methylphenylpyrazolone, 486 
Methylphosphine, 321 
Methylphosphonic acid, 322 
Methyl propionate, 21 2t, 230t 
Methyl propyl ether, 122t 
Methyl propyl ketones, 13Ct 
Methyl radical, 34 

Methyl salicylate, 529, 635 1, 6361, 637t 
Methyl sulfate, 200, 323 
Methyl thiocyanate, 296t 
Methylthioethane, 130 
Methylthiopropane, 130 
Methyltoluidine (N), 475 
Methylurea, 290 
Methyl valerate, 212t, 230t 
Methyl violet, 685, 703t 
Metol, 510 

Meyer, V„ 199, 434, 541, 642 
biography and portrait, 373 
Michler^s ketone, 472, 685, 686 
Midgley, T. Jr., biography and portrait, 711 
Mikado orange, 687 
Milk, formaldehyde in, 152 


Millon reaction, 723 
Mineral oils, 213ft 
Mixed acids, 444 
Mixed anhydrides, 192 
Mixed compounds, 121 
Mixed ethers, 121 
Mixed glycerides, 214 
Mixed ketones, 135 
Mixed jncdting points, 770 
Mixed thio ethers, 130 
Mohr, C. F., 613 
Molecular compounds, 450 
Molecular formulas, 10 

Molecular models, 28, 31, 94, 169, 256a, 646a 
acetic acid, 169 
aliphatic compounds, 256a 
aromatic compounds, 646a 
butanes, 31 
butyric acid, 170 
ethyl alcohol, 94 
methane, 29 
methyl ether, 94 
surface-active compound, 221 
Molecular rearrangements, see rearrange- 
ments 

Molecular weights, 12 
Molisch redaction, 354, 723 
Monammino-boron fluoride, 229 
Monatomic alcohols, see alcohols 
Monocarboxylic acids, see acids 
Monohydric alcohols, see alcohols 
Monohydric phenols, see phenols 
Monohydroxy alcohols, see alcohols 
Monomer, 57 
Monosaccharides, 345-369 
configuration of, 367 
isomerism of, 366 
reactions of, 352-359 
structures of, 346, 359 
synthesis of, 364 
Mordant dyes, 676 
Mordants, 677 
Morin, 702 
Morphine, 663 
Morpholine, 316 
Morris, C. J. O. R., 748ft 
Morton, W. T. G., 121 
Moth balls, 584 
Mucilages, 379 
Mucin, 712 
Multiplanar rings, 613 
Murexide teat, 779 
Muscarine, 315 
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Musks, artificial, 446, 636t 
Mustard gas, 122t, 132, 323 
Mustard oils, 293 
Mutarotation, 360 
Mydriatic, 800 
Mydriatics, 665ff 
Myrcene, 622 
Myricyl palmitate, 222 
Myristic acid, 163t, 215t, 216t 
Myrosin, 736 

N 

Nagai, 742 

Napliilialdehydes, 544t 

jihenylliydrazoncs of, 544 1 
Naphtlialene. 419, 584 589, 698t 
formulas of, 586 
nomenclature of, 586 
picratc of, 589 
properties of, 584 
reactions of, 587 
structure of, 584 
Naphthalcneacetic acid, 651 
Naphthalencsulfonic acids, 442 
Naphthalene tetrachloride, 587 
Naphthalic acid, 530t,* 538 
Naphthalic anhydride, 538 
Naphthenes, 617 
Naphthionic acid, 679 
Naphthoic acids, 530t, 538 
amides of, 530t 
Naphthol (a), 585, 702t 
Naphthol (a), 476, 679 
Naphthol A S, 681 
Naphtholdisulfonic acid (2,6,8), 675 
Naphthols, 51 It, 515, 588 
Naphthol yellow S, 588 
Naphthoquinones, 565, 566 
Naphthylamine (a), 516, 681, 702t 
Naphthylamine (/3), 475, 702t 
Naphthylamines, 458t, 475 
Naphthylamine-8-sulfonic acid, 676 
Naphthylaminetrisulfonic acid (1,3, 6,8), 675, 
702t 

model of, 646a 

Naphthyl isocyanate, 469, 774 
Narcotic, 800 
Narcotics, 664 

National Resources Committee, projects, 5ft 
Natural dyes, 700 
Natural gas, heat value, 68t 
use of, 25 


Natural gasoline, 42 
Negative groups, 171, 464 
Nembutal, 275 
Neocinchophen, 662 
Neodorm, 230 
Neoprene, 625t, 626 
Neosalvarsan, 604 
Neurine, 313 

Neutralization equivalents, 776 
Neutron, 13ft 
Neville- Winther's acid, 675 
New detergents, 220 
Nicotinamide, 750 
Nicotine, 660 

Nicotinic acid, 646, 655t, 750 
Nieuwland, J. A., biography and portrait, 619 
Ninhydrin reaction, 724 
Nirvanine, 668 
Nitration, of acetanilide, 470 
of alkanes, 33 
of aniline, 444ft, 470 
of benzene, 444 
of benzene homologs, 452 
of naphthalene, 454 
of phenol, 502 
Nitriles, 284-287, 573 
identification of, 778 
preparation of, 229, 284 
reactions of, 285, 573 
Nitrites, test for, 680 
Nitroacetanilides, 444ft, 470 
Nitroanilinc (o), 450, 470, 473 
Nitroaniline (m), 449, 470, 681, 702t 
Nitroaniline (p), 470, 473 
Nitroariilines, 444ft, 470 
Nitrobenzaldehydes, 544t 
oximes of, 544t 
phenylhydrazones of, 544t 
Nitrobenzene, chart of reactions, 451 
flow sheet for, 795 
preparation of, 444 
structure of, 445 
uses of, 446, 702t 

Nitrobenzoic acids, 525, 530t, 540t 
amides of, 5S0t 
Nitrobenzyl alcohol (m), 493 
Nitrobenzyl alcohol (p), 493 
Nitrobutanol (2,1), 299t 
Nitro compounds, aliphatic, 199, 297 
Nitro compounds, aromatic, 444-454 
identification of, 778 
preparation of, 444ff 
properties of, 446 
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Nitro compounds, aromatic, reactions of, 446 
uses of, 446 
Nitro dyes, 509, 588 
Nitroethane, 199, 299t 
Nitrogen, analysis for, 10 
test for, 9 

Nitrogen balance, 761 
Nitroglycerin, 200 
Nitro group, 807 

oxidation by, 450 
test for, 778 
Nitrolirne, 295 

Nitromethane, 297, 299t, 453 
Nitronaphthalcnes, 454, 588 
Nitropar-aflSns, 199, 297 
Nitrophcnetole (o), 449 
Nitrophenol (o), 450, 502 
Nitrophenol (p), 471, 496t, 502 
Nitroplienols, 502, 51 It 
Nitrophthalic acid, 585 
Nilropropanes, 2991 
Nitrosoainines, aliphatic, 311 
aromatic, 467 
Nitrosobenzene, 447 
Nitrosodiinethylaniline (p), 467 
model of, 646a 

Nitrosodiphenylaminc (p), 473 
Nitroso dyes, 687 
Nitrosonaphlhol, 687 
Nitrosophenol (p), 564 
Nitrotoluenes, 453 
Nitrourea, 270, 273 

Nitrous acid, action with amines, 310, 466 
Nomenclature, 36 

of acid halides, 186, 187ft 

of acids, 173 , 

of acyl radicals, 186 

of alcohols, 103 

of aldehydes, 134 

of alicyclic compounds, 610 

of aliphatic hydrocarbons, 36 

of alkadienes, 60 

of alkanes, 36-39 

of alkencs, 58 

of alkyl halides, 76 

of alkyl radicals, 34 

of alkynes, 64 

of amides, 226 

of amines, 302, 303t 

of arsenic compounds, 321, 322 

of benzene compounds, 401, 421 

of carbohydrates, 343ff 

of dicarboxylic acids, 252 


Nomenclature, of diolefins, 60 
of esters, 205 
of ethers, 122t 
of glycerides, 213 
of hydrocarbons, 71 
of ketones, 135 
of naphthalene, 586 
of nitriles, 284 

of radicals, 34, 71, 101, 421, 805 
of substituted acids, 233 
of sugars, 343ff 
of lerpcnes, 622 
Nonadecane (w). 

Nonane (n), 25t 
Nonanoic acid, 163t 
Nonene-1, 49t 

Non-reducing disaiccharides, 370 

Nonyl alcohol (//), 96 1 

Nonylene (w), 49t 

Norleucine, 716 

Normal compounds, 38 

Norris, J. F., biography and portrait, 579 

Novalis, 4ft 

Novalophan, 662 

Novocaine, 668, 767 

Noyes, W. A., biography and portrait, 463 

Nuclein, 712 

Nucleoproteins, 712, 730 

Nucleus, benzene, 402 

Nylon, 505 

O 

Oclacosane (a), 25t 
Octadecane («), 25 1 
Octadecanoic acid, 163t 
Octadccapeptide, 727 
Octadecene-1, 49t 
Octadecyl alcohol (w), 96t 
Octadecylamine, 305 
Octadecylene (n), 49t 
Octanal (w), 135t 
Octane (n), 25t, 42t 
Octane number, 42 
Octane ratings of fuels, 42t 
Oclanoic acid, 163t 
Octanoyl chloride, 230t 
Octene-1, 49t 
Octyl alcohol (w)» 96t, 107 
Octyl bromide (w), 78t 
Octyl chloride (w), 78t 
Octylene (n), 49t 
Octyl fluoride (n), 78t 
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Octyl iodide (n), 78t 
Octyne-1, 67 1 
Oil shale, 40 
Oil, tung, «16t 
Oils, 213-218 
drying. 217 
essential, 622 
mineral, 213 ft 
vegetable, 213-218 
01, 104 

Olefins, see alkenes 
Oleic acid. 180, 215t. 216, 216t 
Oligosaccharides, 344ft 
Opium alkaloids, 663 
Optical activity, 327-341 
Optical antipodes, 333 
number of, 339 
Optical isomerism, 331, 420 
Optically active compounds, 331 
resolution of, 339 
Optical rotation, 331 
Orange IT, 679, 703t 
Organic chemistry, contributions of, 5 
definition of, 4 
scope of, 4 

types of reactions of, 7 
Organic compounds, derivation, 804 
elements in, 8 

and inorganic, differences, 7 
source of, 6 

Organic radicals, see radicals 
Organometallic compounds, 325, 405, 574 
Orienting influence of groups, 414 
Ornithine, 718 
Ortho, 402 
Orthoacetic acid, 169 
Orthocarbonic acid, 261 
Orthocarbonic ester, 261, 276 
Orthoformic acid, 169 
Orthoforms, 668 
Orvus, 221 
Osazones, 349 
Osones, 350 
Outline for review, 44 
Oxalic acid, 65, 175, 249t, 257t, 612 
oxidation of, 253 
preparation of, 250 
reactions of, 175 
Wohler synthesis of, 250 
Oxalylurea, 274 
Oxamic acid, 253 
Oxamide, 253 
Oxazine dyes, 690, 691 


Oxazole, 645 
Oxidases, 740 
Oxidation, 800 
Oxidation, internal, 450 
Oxidation, of acet<>phenonc, 556 
of acetylene, 65 

of alcohols, 102, 103, 136, 138, 164, 492 
of aldehydes, 137, 140, 164, 546 
of alkanes, 32 
of allyl alcohol, 113 
of aniline, 471 
of anthracene, 593 
of benzaldehyde, 546 
of benzene, 409 
of benzene homologs, 413 
of benzophonone, 557 
of chloral, 146 
of chlorofonri, 260 
of cresols, 499 
of dihydric phenols, 513 
of ethers, 124 
of ethyl alcohol, 102 
of ethylene, 55, 109 
of formic acid, 176 
of fructose, 350 
of glucose, 347, 365 
of glycerol, 238 
of glycol, 110 
of hydroquinone, 560 
of indigo, 693 
internal, 450 
of isoeugenol, 554 
of isocyanides, 288 
of ketones, 153 
of mercaptans, 115 
of monoses, 353 
of naphthalene, 589 
of oleic acid, 216 
of oxalic acid, 253 
of phenols, 499 
of side-chains, 413 
of sugars, 353 
of sulfides, 130 
of thiocyanates, 293 
Oximes, aliphatic, 142, 153 
aromatic, 549, 558 
Oxindole, 693 
Oxonium salts, 126 
Oxyanthranol, 596 
Oxygen, test for, 9 
Ozokerite, 40 
Ozone, addition of, 57 
Ozonides, 57 
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P 

Palmitic acid, 163t, 180, 215t, 216t 
Pantothenic acid, 750 
Para, 402 

Parabanic acid, 274 
Paraffin, use of, 26 
Paraffins, see alkanes 
nitro, 199, 297 
Paraflow, 41 
Paraformaldehyde, 147 
Paraldehyde, 147 
Para red, 680 
Pararosaniline, 683 
Pararosolic acid, 686 
Parchment paper, 380 
Paris green, 178 
Partial valence the()ry, 63 
Pasteur, L., 332, 339 

biography and portrait, 143 
Pectin, 379 

Pelargonic acid, 163t, 216, 230t 
Pelargonidin chloride, 702 
Pentadecane (n), 25t 
Pentaerythritol, 152 
Pentamethylbenzenc, 404t 
Pentamethylene glycol, lilt 
Pentanal, 135t 
Pentane (n), 25 1 
Pentanediol (1,5), lilt 
Pentanoic acid, 163t 
Pentanols, 135t 
Pentanoyl chloride, 230t 
Pentaphen, 508 
Pentatriacontane (n), 25t 
Pentene-1, 49t 
Pentene-2, 42t 
Pehtoses, 346 
Pentothal, 275 
Pentryl, 452 
Pentynes, 67t 
Pepsin, 740 
Peptide link, 728 
Peptides, 713 

synthesis of, 724 
Peptones, 713 
Perbenzoic acid, 525, 546 
Perbunan, 625t 
Perfumes, synthetic, 635 
Perilla aldoxime, 763ft 
Perkin, W. H., 550, 682 

biography and portrait, 307 
Peroxides, ether, 126 


Petrol-agar, 379 
Petrolatum, 26 
Petroleum, 39-43 
Petroleum, flow sheet for, 788 
origin of, 40 
refining of, 40 
statistics of, 43 
Petroleum ether, 40 
Petroleum resins, 507 
Phenacetin, 510, 667 
Phenacyl chloride, 556, 606 
model of, 646a 
Phenanthrene, 419, 596-599 
Phenanthrcne nucleus, 598 
Phenanthrenequinoiie, 597 
Phenates, 496 
Phenetidine, 510, 667 
Phenetole, 483, 498 
Phenetylurea (p), 3761, 511 
PhenocoU, 512 

Phenol, 404, 440, 467, 479, 496t, 51 It, 616, 
702t 

identification of, 499 
preparation of, 495 
reactions of, 496 
tests for, 499 
Phenolates, 496 
Phenol coefficient, 494 
Phenolphthalein, 535, 688 
Phenol red, 690 
Phenols, 493-515 

by Grignard reaction, 574 
identification of, 775 
preparation of, 495 
properties of, 494 
reactions of, 496 
Phenols, dihydric, 512-514 
monohydric, 493-512, 574 
trihydric, 514 

Phenolsulfonephthalein, 690 
Phenolsulfonic acids, 502 
Phenolsulfuric acid, 762 
Phenoquinone, 565 
Phenothiazine, 654 
Phenoxides, 496 
henylacetaldehyde, 544t 
oxime of, 544t 
phenylhydrazone of, 544t 
Phenyl acetate, 498 
Phenylacetic acid, 172t, 531, 636t 
Phenylacetylene, 408 
Phenylalanine, 714t, 718 
Phenyl benzoate, 524 
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Phenylbutylene, 585 
Phenylcarbylamine chloride, 606 
Phenyl chloride, 500 
Phenylcyclopentane, 577 
Phenyldibromoarsiiic, 606 
Phenydichloroarsine, 606 
Phenylenediarnine (/w), 449 
Phenylencdiairiiiie (p), 473 
Phenylenediamines, 458i, 678 679 
Phenylcne radical, 421 
Phenyl ether, 498, 036t 
Phenylethyl alcohol ( 0 ), 493, 636t, 637t 
Phenylethylene, 408 
Phcnylglycine carboxylic acid, 694 
Phenylglyoxylic acid, 556 
Phenylhydrazine, 349, 473, 486 
Phcnylhydrazoncs, 142, 349 
Phcnylhydroxylaraine (/3), 447, 448, 473 
Phenyl iodoso chloride, 435 
Phenyl isocro tonic acid, 585 
Phenyl isocyanate, 469 
Phenyl Lsocyanidc, 466 
Phenyl isothiocyanate, 468 
Phenylniagnesium bromide, 432, 522 
Phenylmerciirio acetate, 607 
Phenylmethylpyrazolone, 486 
Phenyl mustard oil, 468 
Phenylnitrainine, 473 
Phenylnitromcthane, 453 
Phenyl radical, 396, 421 
Phenyl salicylate, 528 
Phloretin, 736 
Phloridzin, 736 
Phloroglucinol, 511t, 514 
Phorone, 156 

Phosgene, 85, 86 260, 261, 323, 472, 522 
Phosphines, 321 
Phosphobenzene, 602 
Phosphoproteins, 712 
Phosphorobenzene, 602 
Phosphorus compounds, aliphatic, 321 
Phosphorus, test for, 9 
Photographic developers, 510, 514 
Photosynthesis, 364 
Ph thalamic acid, 537 
Phthalamide, 530t 
Phthalein dyes, 688 
Phthalic acids, 418, 530t, 532, 540t 
Phthalic anhydride. 521, 534, 612, 693, 702t 
anthraquinone from, 594 
indigo from, 694 
phthaleins from, 535 
resins from, 534 


Pht halide, 536 
Phthalimide, 536, 721 
Phthalophenone, 536 
Phthaloyl chlorides, 536, 594 
Phytol, 704fi 
Phytosterols, 752ft 
Phytyl alcohol, 704ft 
Picene, 598 
Picolines, 655t 
Picolinic acid, 646, 655t 
Picric acid, 496t, 509, 51 It 
model of, 646a 
Pimelic acid, 249t, 257t 
Pinacol, 154 
Pinacone, 154 
Piuane, 629ft 
Pinene, 629, 633 

hydrochloride of, 630, 633 
Piperic acid, 661 
Piperidine, 646, 655t 
Piperine, 660 
Pipcronal, 636t, 636, 661 
Piperonylic acid, 661 
Pitch, 400 

Plane polarized light, 329 
Plant hormones, 745 
Plasmochin, 662 
Plastic, A-X-F, 507 
Plasticizer, 800 
Plastics, 382, 503 
Platinum prints, 254 
Plexiglas, 180 
Pliofilm, 627 
Plioforrn resins, 627 
Polar bond, 14 
Polarimeter, 330 
Polenske number, 218 
Polyairboxylic hydroxy acids, 264ff 
Polygenctic dyes, 677 
Polyhalogen compounds, aliphatic, 84-88 
Polyhydroxy alcohols, 107ff 
Polymerization, 57, 149 
addition, 504 
condensation, 504 

Polymerization, of acetaldehyde, 147 
of acetylene, 67, 404 
of acrylic acid, 180 
of aldehydes, 147, 150 
of alkenes, 57 

of bifunctional compounds, 152, 241, 255 
of formaldehyde, 147, 503 
gasoline by* 41 
of methacrylates, 505 
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Polymerization, of pyrrole, 643 
of vinyl halides, 88 
Polyoses, 375-386 
Polypeptides, 7^t5S 
Polysaccharides, 344, 375-386 
Polystyrene resins, 505 
Polyterpenes, 622 
Polyvinyl alcohol, 506 
Polyvinyl butyral, 506 
Populin, 736 

Position isomerism, 327, 402 
Potassium cyanide, 289 
Potassium ethyl xanthate, 324 
Potassium hydrogen tartrate, 264 
Potassium phthalimide, 536 
Potassium tctroxalate, 253 
Pr, 36 

Pregnanediol, 744, 746t 
Pregnanedione, 744 
Prehnitene (prehnitol), 404t 
Prestone, 108 
Primary alcohols, 95 

by (frignard reaction, 572 
Primary amines, 301 
Primary carbon atom, 32, 76 
Primary protein derivatives, 713 
Procaine, 668 
Proflavine, 700 
Progesterone, 745, 746t 
Projection formulas, 24, 336, 337 
Prolamines, 712 
Proline, 714t, 719 
Propanal, 135t 
Propane, 25t, 26, 29 
heat value of, 68 
Propanediols, lilt 
Propanenitrile, 296t 
Propanetriol (1,2,3), lilt 
Propanoic acid, 163t 
Propanols, 96t, 112, 154 
Propargyl alcohol, 112 
Propargyl aldehyde, 135t 
Propene, see propylene 
Propiolic acid, 179 
Propionaldehyde, 135t, 149 
model of, 256a 
Propionamide, 230t 
Propionic acid, 163t, 170t. 172t 230t 
Propionic anhydride, 194t, 230t 
Propionyl chloride, 194t 
model of, 256a 
Propoxybutane, 122t 
Propoxypropane, 122t 


Propyl acetate, 212t 
Propylacetylene, 67t 
Propyl alcohol (n), 96 1, 112 
Propyl alcohol (r«o), 154 
Propylamines, 303t 
Propylbcnzenc, 404t 
Propyl bromide (/?), 56, 78t 
Propyl bromide (iso), 56, 78t 
Propyl butyl ether, 122t 
Propyl butyrate, 21 2t 
Propyl chloride (ii), 78t 
Propyl chloride (iso), 78t 
Propylene, 42t, 49t, 54, 60 
Propylene glycol (1,2), lilt 
Propylene oxide, 122t 
Propyl ether, 122t 
Propyl ether (iso), 122t 
Propyl fluoride (n), 78t 
Propyl formate, 21 2t 
Propyl iodide (n), 78t 
Propyl iodide (iso), 54, 78t, 80 
Propyl nitrate, 21 2t 
Propyl nitrite, 21 2t 
IVopyl propionate, 21 2t 
Propyl radical, 34 
Propyl valerate, 21 2t 
Propyne, 65, 67t 
model of, 256a 
Prosthetic group, 800 
Protamines, 712 
Proteans, 713 
Proteases, 740 

Protection, acetylation for, 470 
Proteins, 709-731 

absorption of, 761 
analysis of, 709 
biosynthesis of, 722 
chemistry of, 713 
classification of, 710 
color reactions of, 722 
complex, 730 
conjugated, 712 
denaturation of, 710 
derived, 713 
digestion of, 760 
identification of, 779 
importance of, 731 
metabolism of, 761 
molecular weights of, 709 
precipitation of, 724 
properties of, 710 
putrefaction of, 761 
reactions of, 722ff 
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Proteins, simple, 712 
structure of, 724 
Proteoses, 713 
Protocatechuic acid, 530 
Proton, 12ft 
Prototropy, 210ft 
Protozoa, 800 
Prussic acid, 286 
Pseudocumene, 404t 
Pseudoionone, 635 
Pseudo uric acid, 281 
Ptomaines, 315 
Ptyalin, 740, 757 
Purine, 282, 648 
Purine bases, 648 
Purines, identibcation of, 779 
Purpurin, 693 
Putrescine, 315 
Pyralin, 882 
Pyramidone, 644 
Pyran, 361 
Pyranose ring, 361 
Pyrazine, 645 
Pyrazole, 644, 6551 
Pyrazoline, 644, 655t 
Pyrazolone, 644, 655t 
Pyrazolone dyes, 687, 703t 
Pyrene, 86 
Pyridine, 645, 655t 
Pyridine alkaloids, 659 
Pyridoxin, 750 
Pyrimidine, 645 
Pyrimidine bases, 647 
Pyrocatcchin, see pyrocatcchol 
Pyrocatcchol, 51 It, 512, 693 
Pyrogallic acid, 514 
Pyrogallol, 51 It, 514 
Pyrolysis, 4 1, 54^ 

^yf0iy3lSf,''^acetone, 291 
of alkanes, 32 

of ammonium compounds, 227, 311 
of benzene, 410 
of gallic acid, 514 
of petroleum, 41 

of salts of acids, 176, 178, 403, 555, 557 
Pyromucic acid, 641 
Pyrones, 653 
Pyroxylin, 382 
Pyrrole, 642, 665t 
Pyrrolidine, 643, 655t 
Pyruvic acid, 239, 763 


Q 

Qualitative analysis, 8 
Quantitative analysis, 10 
Quaternary ammonium compounds, 304, 
309, 31 1 
Quercetin, 702 
Quinhydrone, 565 
electrode, 565 
Quinine, 661 
Quininic acid, 662 
Quinol, see hydroquinone 
Quinoline, 651, 655t 
Quinoline alkaloids, 661 
Quinone, 560 

oximes of, 564 
properties of, 561 
reactions of, 561, 562 
struct lire of, 560 
Quinone oximes, 564 
Quinones, 560-566 
Quinonoid ring, 560 

R 

R, symbol for radical, 36 
Racemic acid, 838, 338t 
Racemic compounds, 338 
Racemic mixture, 338 
Racemization, 340 
R acid, 676, 702t 
Radicals, 34, 71, 94ft, 104, 805 
acyl, 186 

aliphatic, summary of, 71 
alkyl, 34 
aryl, 421 
cacodyl, 322 
directive action of, 415 
free, 405, 406, 407 
list of, 805ff 

nomenclature of, 34, 71, 101, 421, 805 
Rancidity of fats, 216 
Raschig process, 495 
Rayon, 383, 385t 
Reaction, Adamkiewicz, 723 
addition, 55 
Bart, 602 
biuret, 723 
Bucherer, 516 
Cannizzaro, 150, 491, 548 
carbylamine, 287, 311 
Claisen, 208 
color, of proteins, 722 
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Beactioii» coupling, 485 
deBruyn, 358 
Diels-Alder, 618 
£)tard, 545 
Fittig, 408 
Freund, 6X5 

Friedel-Crafts, 405, 406, 407, 522, 575- 
580 

Fries, 555 
Gabriel, 537 
Gattermann, 483, 546 
Gattermann-Koch, 578ft 
Grignard, 27, 83, 432, 522, 569, 607 
Hell-Volhard-Zelinsky, 234 
Hinsberg, 441 

Hofmann, 228, 272, 305, 537, 694 

Hofmann-Martius, 460 

Hopkins-Colc, 723 

Kiliani, 354 

Kolbe-Sclunitt, 500 

Mendius, 305 

Millon, 723 

Molisch, 354, 723 

ninhydrin, 724 

Perkin, 550 

precipitation, of proteins, 724 
Reimer-Tiemann, 501 
Buff, 355 

Sabatier-Senderens, 409 
Sandmeyer, 483 
Scholl, 577 

Schotten-Baumann, 524 
Skraup, 652 
Strecker, 244 
substitution, 28, 33 
Tischenko, 150, 204 
types of organic, 7 
Ullmann, 461 
Williamson, 123 
Wohl, 355 

Wurtz-Fittig, 405, 432 
xanthoproteic, 723 
25erewitinoff, 571 

Reactivity, of alcohols, 101, 102, 103 
af alkyl halides, 83 

Reagent, ammoniacal silver nitrate, 140 
Baeyer, 55 
Fehling, 140 
Schweitzer, 380 
Twitchell, 219 
Rearrangement, amines, 472 
Beckmann, 558 
benzidine, 448, 473 


Rearrangement, benzilic acid, 550 
Hofmann, 306 

Rearrangement, of diazoaminobenzene, 484 
of isocyanides, 287 
of ketoximes, 558 
of phenylhydroxylamine, 447, 473 
of pinene compounds, 633 
of sodium phenyl carbonate, 500 
of thiocyanates, 293 
Reducing disaccharides, 370 
Reduction, 800 
Reduction, electrolytic, 448 
by Grignard complex, 570 
Reduction of acetone, 100 
of acetylene, 65 
of acid chlorides, 190 
of aldehydes, 97, 140 
of aldoximes, 305 
of alkyl halides, 27, 81 
of azo compounds, 485 
of bcnzaldehyde, 547 
of benzene, 409 
of benzoin, 550 
of carbon dioxide, 365 
of carbon monoxide, 26 
of diazonium salts, 486 
of dinitrobenzene, 449 
of esters, 97, 206 
of ethylene, 55 
of glucose, 347 
of hydrogen cyanide, 286 
of indigo, 694 
of isocyanides, 288 
of isothiocyanates, 294 
of ketones, 153 
of lactones, 356 
of monoses, 353 
of naphthalene, 589 
of nitriles, 285, 305 
of nitrobenzene, 447, 459 
of nitroparafiins, 305 
of oximes, 305 
of phenol, 498 
of sugars, 353 
of sulfonic acids, 440 
of thiocyanates, 293 
Reference compounds, 418 
Reference library, 797 
Refrigerants, 79, 88, 90 
Reichert-Meissl number, 217 
Reimer-Tiemann reaction, 501 
Relative sweetness, 376t 
Remsen, I., biography and portrait, 357 
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Rennin, 740 
Resin, 800 
Resinox, 503 
Resins, 152, 503, 504 
bakelite, 503 
galalith, 507 
glyptal, 533, 534 
methacrylate, 505 
pliofomi, 027 
thermoplastic, 504 
thermosetting, 504 
thiokol, 625 
vinyl, 500 
Resistoflex, 625t 

Resolution, racemic mixtures, 339 
Resonance, 272, 398, 614 
Resonance energy, 399, 586, 641, 646 
Resonance formula, ammonium bases, 310 
benzene, 399 
formic acid, 174ft 
nitrobenzene, 445 
pyrrole, 641 

triphenylmethanc dyes, 684 
urea, 272 

Resorcin green, 687 
Resorcinol, 51 It, 512 
Review outline, 44 
Rhodamine R, 688 
Riboflavin, 749 
Ribose, 346, 370t 
Riciiioleic acid, 180 
Ring formation, methods, 615ff 
rules of, 241, 254, 611ff 
Ring, quinoiioid, 560 
Rings, multiplanar, 613 
strained, 610 
strainless, 613 

Ring structures, monosaccharides, d59ff 
Robinson, R., 664 
Rochelle salt, 264 
Rodinal, 510 
Rongalite, 141 
Rosaniline, 685 
Rosin, 630 
Rosolic acid, 686 
Rotation, optical, 331 , 
molecular, 331 
specific, 331 
Rouelle, 269 
Rubber, 623-627 

Neoprene type, 626 
reactions of, 627 
structure of, 625 


Rubber, synthetic, 625t 
Rubber chloride, 627 
Ruberythric acid, 736 
Ruff reaction, 355 
Rule, Crum Brown-Gibson, 414 
Hammick-Illingw’orth, 416 
Hudson, 366 
Kdrner, 417 
lowest number, 38, 402 
Markownikoff, 56 
ring formation, 241, 254, 611ff 
van*t Hoff, 339 
Vorliinder, 415 
Runge, C., 682ft 

S 

Sabatier, P., biography and portrait, 429 

Sabatier-Senderens reaction, 409 

Saccharic acid, 348 

Saccharides, see carbohydrates 

Saccharimetcr, 372ft 

Saccharin, 376t, 527 

Sachse-lVlohr theory, 613 

S acid, 675 

Safranine T, 690 

Safrole, 636 

Salicin, 552, 735, 736 

Salicylaldoxime, 653 

Salicylic acid, 500, 501, 528 

Salicylic aldehyde, 501, 552 

Saligcnin, 552 

Salmine, 712, 714t 

Salol, 528 

Saiol principle, 528 

Salting-out, 121 

Salts, 176 

syntheses from, 178 
Salvarsan, 603, 700 
Sandraeyer reaction, 483 
Santopour, 41 
Saponification, 205 
of fats, 217 

Saponification number, 217 
Sarcolactic acid, 332 
Saturated compounds, 28 
Schaeffer’s acid, 675 
Scheele, C. W., 278, 332 
Schiff bases, 468 
Schiff reagent, special, 348ft 
Schiff test, 141 
Schmitt, 500 
Schoelkopf’s acid, 675 
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Scholl reaction, 577 
Schotten-Bauinann reaction, 5 ^ 
Schweitzer reagent, 380 
Scope, organic chemistry, 4 
S.D.O., 626ft 
Sebacic acid, 249t 
Secondary alcohols, 95 

by Grignard reaction, 572 
Secondary amines, 301 
Secondary carbon atom, 32, 76 
Secondary protein derivatives, 713 
Secretin, 741 
Sedative, 800 
Seidlitz powder, 264 
Semicarbazide, 273, 290 
Semidine, 473 
Serine, 714t. 717 
Serum albumin, 712 
Serum globulin, 712 
Sesquiterpenes, 622 
Sex hormones, 743 
Shortening carbon chains, 355 
Side-chain, 402 

Side-chains, halogenation of, 431 
oxidation of, 413 
Silicon compounds, 324 
Silk fibroin, 714t 
Silver acetylide, 66 
Silver arsphenamine, 604 
Silver cyanide, 289 
Silver plating, 287 
Simple anhydrides, 192 
ethers, 121 
glycerides, 214 
ketones, 135 
thio ethers, 130 
Sinigrin, 736 
Skatole, 651, 655t 
Skatoxyl, 762 
Skraup, Z. H., 652 
Sneeze gas, 606 
Soaps. 218-221 

chemistry of, 219 
detergent action of, 220 
hard, 218 

preparation of, 218 
soft, 218 
uses of, 220 

Sodium acetate, 28, 164 
Sodium acetoacetic ester, 210 
Sodium benzoate, 403 
Sodium ethoxide, 123, 169 
Sodium formate, 174, 176 


Sodium lauryl sulfate, 221 
Sodium malonic ester, 258 
Sodium methoxide, 101, 164, 204 
Sodium oxalate, 176 
Sodium phenoxide, 496 
Sodium phenyl carbonate, 500 
Sodium salicylate, 500, 501 
Sodium stearate, 218 
Solubilities, list of, 808ff 
Soporific, 800 

Sorbitol, 111, lilt, 347, 376t 
Sources, organic compounds, 6 
Soybeans, 7, 507 
Spacing, atomic, 69, 399 
Specific dynamic action, 758, 760, 761 
Specific rotation, 331 
Specific rotation, of disaecharides, 376t 
of monosaccharides, 370t 
Spermaceti, 222 
Spirit of niter, 199 
Spirocheticide, 800 
Stabilized diazonium salts, 681 
Stafff)rd, O. F., 230 
Starch, 376 

“animal,” 379 
fermentation of, 97 
structure of, 377 
Starch paste, 376 
Starling, E. H., 741 
Steapsin, 740, 759 

Stearic acid, 163t, 180, 215t, 216t, 219 
Stearin, 218 
Stereoisomerism, 327 

Stereoisomerism, biphenyl compounds, 420 
maleic and fumaric acids, 262 
oximes, 549, 558 
sugars, 345 
tartaric acids, 337 
Steric hindrance, 540 
Sterols, 752ft 
Stibino compounds, 607 
Stieglitz, J., biography and portrait, 563 
Stigmasterol, 752ft 
Stilbene, 408 
Stilbene dyes, 687 
Stolz, F., 741 
Stovaine, 670, 767 
Stovarsol, 604 

Straight-chain compounds, 31 
Strain theory, 610 
Strains in rings, 610, 611 
Strecker reaction, 244 
Structural formulas, 16 
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Structural isomerism, 327 
Structure, acetaldehyde, 139 
acetic acid, 167 
acetylene, 64 
aldopeiitoses, 367 
alizarin, 692 
ammonium salts, 309 
anthracene, 590 
anthraquinone, 594 
benzene, 394 

di-derivatives of, 417 
benzenesulfonic acid, 438 
carbon monoxide, 288 
cellulose, 380 
diazonium salts, 480 
diazotales, 481, 482 
ethyl alcohol, 93 
ethylene, 50 
fructose, 350 
glucose, 347 
glucosides, 735 
isocyanides, 288 
monoses, 346 
naphthalene, 584 
nitrobenzene, 445 
proteins, 724 
quinone, 560 
rubber, 625 
starch, 377 

Structure and physiological action. 
Strychnine, 662 
Study, how to, 17 
Sturine, 712 
Styptic, 800 
Styrene, 408 
Styrene resins, 505 
Suberic acid, 24 9t 
Substantive dyes, 676 
Substituted acids, 233-247 

ionization constants of, 172t, 540t 
Substitution, 28, 33, 57, 66 
aromatic, order of, 414 
chart of, 317 
review of, 317 
Substrate, 800 
Succinamide, 255 
Succinic acid, 249t, 251, 2571, 612 
preparation of, 251 
Succinic anhydride, 254 
Succinimidc, 255, 642 
Sucrase, 740, 757 
Sucrose, 371, 372t, 376t 
Sucrose acetate, 374 


Sugar, cane, 371, 372t 
fruit, 350 
^ape, 347 
Sugar of lead, 178 
Sugars, 343 

Sulfa compounds, 470, 647 
Sulfamic acid, 275 
Sulfanilamide, 470 
model of, 646a 

Sulfanilic acid. 469, 678, 679, 702t 
Sulfapyridine, 64T^ 

Sulfathiazole, 647 
Sulfides, alkyl, 130 

identification of, 779 
Sulfinic acids, 574 
Sulfobenzoic acids, 526 
Sulfobenzoic anhydride (o), 52'?' 
Sulfocyanoacetic acid, 172t 
Sulfonal, 155 
Sulfonamides, 439 
Sulfonation, 437 
Sulfonation, of alkanes, 33 
of aniline, 469 
of anthraquinone, 596 
of benzene, 437 
of benzene homologs, 442 
of naphthalene, 442 
of phenol, 502 
Sulfonephthaleins, 690 
Sulfones, 130 

Sulfonic acids, aromatic, 437-443 
identification of, 779 
isolation of, 438 
properties of, 438 
reactions of, 438 
structure of, 438 
uses of, 438 
Sulfonium bases, 131 
Sulfonyl chlorides, 439 
Sulfoxides, 130 
Sulfur, analysis for, 10 
test for, 9, 724 
Sulfur black, 697, 703t 
Sulfur compounds, aliphatic, 324 
Sulfur dyes, 696 
Sulfur test, proteins, 724 
Sulpharsphenamine, 604 
Surface-active agents, 220 
Svedberg, T., 710 
Sweetness of compounds, 376t 
Syn-anti Isomerism, 549, 558 
Syntans, 530ft 
Synthesis, 27 


13, 767 
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Synthesis, asymmetric, S40, 358 
Synthetic perfumes, 635 
Synthetic resins, 504 

T 

Takamine, J., 741 
Talose, 346 

Tanning, 530, 531. 731 
Tannins, 530, 737 
Tartar emetic, 265 
Tartaric acid, 264, 337 
dextro, 337, 338t 
identiOcation of, 266 
levo, 337, 3381 
meso, 337, 338t 
Tartrazine, 687, 703t 
Taurine, 313 
Tautomerism, 145 
Tautomerism, of acetyldehyde, 146 
of aceloacetic ester, 209 
of acetone, 157 
of aldehydes, 145 
of amides, 229 
of ascorbic acid, 751 
of benzamide, 524 
of hydrogen cyanide, 286 - 
of keto-enol compounds, see keto-enol 
tautomerism 
of malonic ester, 258 
of phenylnitromethane, 453 
of phloroglucinol, 515 
of pyrimidine bases, 648 
of quinone oxime, 564 
of urea, 270 
of uric acid, 281 
Tear gases, see war gases 
Terephthali6 acid, 532 
Terpenes, 622-637 
dicyclic, 628 
monocyclic, 627 
open-chain, 622 
Terphenyl, 420 

Tertiary alcohols, by Grignard reaction, 573 
Tertiary amines, 301 
Tertiary carbon atom, 32, 76 
Test, Baeyer, 55 
Beilstein, 9, 772 
bleaching powder, 471 
formaldehyde, 152 
Heller, 724 
iodoform, 86 
Lieben, 86 


Test, Liebermann, 775 
Maquenne, 350 
murexide, 779 
nitro group, 778 
Schiff, 141 
thiophene, 642 
triple bond, 66 
Van Slyke, 715 
Testosterone, 743, 746t 
Tetrabromoethane, 65 
Tetrabromomethane, 84t 
Tetrabrom oph enolsulf onepht halei n , 690 
Tetracliloromethane, 79, 84 1, 86 
Tetrachloroquinone, 562 
Tetracosane (w), 25t 
Tetradecane (n), 25t 
Tetradecanoic acid, 163t 
Tetradecene-1, 49t 
Tetradecyl alcohol (n), 96 1 
Tetradecylene (n), 49t 
Tetraethyllead, 42, 326, 574 
Tetraethylsilicoii, 325 
Tetrafluoromethane, 84t 
Tetrahydrobenzaldehyde, 618 
Tetrahydrobenzene, 409 
Telrahydronaphthalene, 589 
Tetrahydronaphthylamines, 588 
Tetrahydrophthalic anhydride, 618 
Telraiodomethane, 84t 
Tetraiodopyrrole, 642 
Tetrakisazo dyes, 679ft 
Tetralin, 589 

Tetramethylammonium hydroxide, 309, 311 
Tetramethylammonium iodide, 310, 311 
Tetramethylene, 616 
Tetramethylenediamine, 315 
Tetramethylene glycol, lilt 
Tetramethyl ethylene glycol, 154 
Tetramethyllead, 407 
Tetramethylphosphonium hydroxide, 321 
Tetramethylstannane, 325 
Tetramethylurea, 271 
Tetramethyluric acid (1,3,7,9), 281 
Tetranitroaniline, 475 
Tetraphenylhydrazine, 407 
Tetraphenlylmethane, 571 
Tetronal, 155 
Tetroses, 346 
Tetryl, 475 ' 

Theelin, 743 
Theelol, 744 
Theobromine, 649 
Theophylline, 650 
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Theory, Baeyer, 365, 610 
dyeing, 697 
Knoop, 760 
partial valence, 63 
Sachse-Mohr, 613 
strain, 610 
Thiele, 63 

van’t Hoff-Le Bel, 333 
vital force, 3 
Wieland, oxidation, 137 
Thermal decomposition, see pyrolysis 
Thermoplastic resin, 504 
Thermosetting resin, 504 
Thiamin chloride, 748 
Thianaphthene, 650, 655t 
Thiazine dyes, 690, 691, 703t 
Thiazole, 645, 655t 
Thiele, benzene formula, 395, 398 
theory, 63 
Thioacetic acid, 181 
Thio acids, 181 
Tliio alcohols, 113 

identification of, 779 
Thiocarbanilide, 468 
Thiocarbonic acids, 324 
Thiocyanates, 292 
Thiocyanic acid, 293 
Thiocyanoacetic acid, 172t 
Thio ethers, 130 

unsaturated, 131 
Thioformaldehyde, 294 
Thioglycolic acid, 172t 
Thioindigo scarlet, 695 
Thiokol resins, 88, 507, 625t 
Thiolhistidine, 721 
Thiols, 113 
Thiophene, 641, 655t 
test, 642 

Thiophenol, 501, 574 
Thiourea, 275 
Thiourethans, 294 
Threonine, 717 
Threose, 346 
Thymine, 647 
Thymol, 508 

Thyroxine, 719, 743, 746t 
Tischenko reaction, 204 
T.N.T., 452 
T,N.T. poisoning, 446 
Tobias acid, 676 
Tocopherols, 753 
Tolane, 408 
Tolidine, 680ft 


Toluene, 42t, 404t, 575 
Toluenesulfonic acids, 413, 442 
Toluenesulfonyl chloride, 442 
Toluic acids, 521, 522, 530t, 540t 
amides of, 530t 
Toluic aldehydes, 544t 
oximes of, 544 1 
phenylhydrazones of, 544t 
Toluidine (o), 460, 521, 652 
Toluidine (m), 460 
Toluidine (p). 460, 473 
Toluidines, 458t 
Tolyl phenyl ketoximes, 559 
Total fat analysis, 217 
Trans, 263 

Transest erifi cat ion , 204 
Triacetamide, 226 
Triacontane (n), 25t 
Triaminotriphenylcarbi nol , 683 
Triaminotriphenylrn ethane, 683 
Tribiphenylmethyl, 407 
Tribroinoaniline (2,4,6), 471 
Tribromoethanol, 107, 146 
Tribromomethane, 84t 
Tribromophenol (2,4,6), 499 
Tributylamines, 303t 
Tribulyl citrate, 266 
Trichloroacetaldehyde, 141, 146 
Trichloroacetic acid, 172t 
Trichloroethanol, 146 
Trichloroethylene, 88 
Trichloromethane, 79, 84t, 85 
Trichloromethyl chloroformate, 323 
Trichlorophenol (2,4,6), model of, 646£' 
Tridecane (n), 25t 
Tridecene-1, 49t 
Tridecylene (n), 49t 
Triethanolamine, 315 
Triethylamine, 303t 
Triethyl phosphate, 199 
Triethylsulfonium hydroxide, 131 
Triethylsulfonium iodide, 131 
Trifluoromethane, 84t 
Triglycerides, 213 
Trihydric phenols, 514 
Trihydroxybenzenes, 51 4 
Trihydroxybenzoic acid, 514, 529 
Trihydroxybutane (1,2,3,), lilt 
Trihydroxybutyric acid, 351 
Triiodoacetone, 157 
Triiodomethane, 84t, 86 
Triketohydrindene hydrate, 724 
Trimer, 57 
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Trimethylacetaldehydc, 135t 
Trimethylacetic acid, 172t 
Trimethylamine, 303t, 308 
Trimethylbenzenes, 403 
Trimetbylbutane (2,2,3), 42t 
Trimethylene, 615, 620t 
Trimethylene glycol, lilt 
Trimethylpentane (2,2,4), 42, 43 
Trimethylphosphine, 321 
Trimethylphosphine oxide, 322 
Trimethylxanthine, 649 
Trinitrobenzene (1,3,5), 450, 452 
Trinitrophenol (2,4,6), 496t, 509, 51 It 
Trinitrotoluene, 452 
Trinitrotriphenylmethane, 683 
Trional, 155 
Trioses, 344 
Trioxymethylene, 147 
Tripeptides, 725 
Triphenylamine, 458t, 461 
Triphenylcarbinol, 492 
Triphenylchloromethane, 493 
Triphenylmethane, 406, 571, 577 
dyes, 682-686, 703t 
Triphenymethyl, 407 
Triphenylmethyl chloride, 407, 493 
Triphenylmethyl peroxide, 407 
Triphenyl phosphate, 500 
Triple bond, 64 * 

test for, 66 
Tripropylamine, 303t 
Trisazo dyes, 679ft, 680 
Tristearin, 214 
Trithiocarbonic acid, 324 
Trityl chloride, 

Tropacocaine, 866 
Tropeines, 666 
Tropic acid, 665 
Tropine, 665 
Trypan blue, 700 
Trypanocide, 800 
Trypanosomes, 800 
Trypan red, 700 
Tryparsamide, 606 
Trypsin, 740 

Tryptophan, 714t, 719, 723 
Tung oil. 216 
Turmeric, 701 
Turpentine, 630 
Twitchell reagent, 219 
Type formula, 34 
Tyrian purple, 695 
Tyrosine, 714 1, 719 


U 

ITllmann reaction, 461 
Undecylic acid, 163t, 230t 
amide of, 230t 

Unsaturated acids, 179, 214, 262 
alcohols, 112 
aldehydes, 158 
amines, 313 
compounds, 52 
dicarboxylic acid, 262 
halogen compounds, 88-90 
hydrocarbons, 49-71 
thio ethers, 131 
Unsaturation, 52 
Uracil, 647 
Uramil, 280 
Urea, 269- 275 

hydrolysis of, 271 
model of, 256a 
nitrate of, 272, 273 
preparation of, 261, 269 
reactions of, 271 
uses of, 275 

Werner formula of, 272 
Wohler synthesis of, 269 
Urea resins, 504 
Ureas, malonyl, 274 

substituted, 270, 273 
Urease, 271 
Ureides, 273 
Urethans, 261, 290 
Uric acid, 278 
Urotropin, 150 

V 

Valence, coordinate, 127, 131, 614 
partial, 63 
Valeraldehyde, 135t 
Valeraldehyde (iso), 135t 
Valeramide, 230t 
Valeric acid, 163t, 170t, 230t 
anhydride of, 194t, 230t 
Valerius Cordus, 121 
Valeryl chlorides, 194t, 230t 
Valine, 714t, 716 
Vanillin, 553, 636t, 637t 
Van Slyke test, 715 
vanT Hoff, J. H., 333, 339 

biography and portrait, 397 
van*t Hoff-Le Bel theory, 333 
Vaseline, 26 
Vat dyeing, 677 
Vat dyes, 693ff 
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Verdigris, 178 
Verguin, 682 
Veronal, 274 
Vesicant, 800 
Villi, 757 
Vinethene, 130 
Vinyl acetate, 204, 506 
Vinyl acetate resins, 506 
Vinylacetylene, 67, 626 
Vinyl alcohol, 145 
Vinylarnine, 313 
Vinylbenzene, 408 
Vinyl bromide, 66, 84t, 88 
Vinyl chloride, 66, 84t, 506 
Vinyl chloride resins, 506 
Vinyl ether, 122t, 130 
Vinylidene chloride resins, 507 
Vinyl iodide, 84t 
Vinylogy, 453 
Vinyl radical, 66ft, 805 
Vinyl resins, 506 
Mnyon, 506 
Vloluric acid, 2S0 
Viscose, 383 
Vistanex, 625t 
Vltagen, 747 
Vital force theory, 8 
Vitamin A, 747 
Vitamin B, 748 
Vitamin Bi, 748, 759 
Vitamin B 2 , 749 
Vitamin B3, 749 
Vitamin B 4 , 749 
Vitamin Be, 749 
Vitamin Be, 750 
Vitamin C, 751 
Vitamin D, 751 
Vitamin D 2 . 752 
Vitamin E, 753 
Vitamin H, 753 
Vitamins K, 754 
Vitamins, 746-754 
fat-soluble, 747 
water-soluble, 747 
Vitellin, 712 
Vorlander rule, 415 
Vulcanization, 624 

W 

Walden inversion, 341 

War gases, 132, 157, 323, 427ft, 556, 606 

Warning agents, 115, 158 

Water, 127, 411t, 496t 

Water, heavy, 411t 


Water-removing substances, 202ft 
Waxes, 221 

Werner, urea formula, 272 
Wheat gliadin, 712, 714t 
Wheat glutenin, 712, 714t 
White lead, 178 
Whitmore, F. C., 60 

biography and portrait, 699 
VVleland, oxidation theory, 137 
Williams, R. R., 749 
Williamson, ether synthesis, 123 
Willstiitter, R., 398 

biography and portrait, 591 
Wislicenus, J. A., 332 

biography and portrait, 279 
VVohl reaction, 355 
Wohler, F., 3, 64, 250 

biography and portrait, 51 
synthesis of urea, 269 
Wood alcohol, 98 
Wurtz, A., 27, 81, 405 

biography and portrait, 77 
reaction, 27, 81, 432 
reaction, mechanism of, 405 

X 

Xanlhatcs, 324 

Xanthine, 648 

Xanthone, 653, 655t, 737 

Xanthoproteic reaction, 723 

Xylenes, 402, 404t, 522, 533, 698t 

Xylidine (2,4), 475 

Xylidines, 458t 

Xylose, 346, 347, 370t, 376t 

Xylosone, 751 

Xylyl bromide, 606 

Xylyl radical, 422 

Z 

Zein, 712, 714t 
Zerewitinoff reaction, 571 
Ziegler, 687 
Zinc compounds, 325 
Zinc stearate, uses, 180 
Zwitterions, 245 

of amino acids, 245 
of betaine, 246 
of methyl orange, 678 
of proteins, 715, 728 
of sulfanilic acid, 469 
of taurine, 313 
of urea, 272 
Zymase, 740 





